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ABSTRACT 
S e r o g r o up spec i f i c ant i g en s  o f  Bradyrhi zob i um 
j apon i cum 6 1Al 2 3  we r e  i s o l at ed u s i n g  an i mmunochem i c a l  
a s say . Bact e r i a l  ant i g en s  we r e  i s o l a t ed b y  pheno l -wate r 
ext r ac t i on . The s e  ant i g en s  we r e  det e ct ed by i n h i b i t i on o f  
an e n z yme l in k e d  i mmun o s o r bant a s s a y  ( ELI SA ) • Low p r es s u r e  
chr oma t o g r aphy and d i g e s t i on w i t h  p r o t e i na s e  K s e r v e d  t o  
p u r i fy t he an t i g e n s . C hem i c a l  co mp o s i t i on wa s d e t e r m i n ed b y  
g as c h r omat o g r aphy C GC ) , mas s  s p e c t rome t ry ( MS ) , and 
co l o r imet r ic as says . T h e  ant i g en s  we r e  a l s o  cha r ac t e r i z ed 
by s o d i um d o d ecyl su l fa t e  ( SD S ) -po lyacryl am i d e  g e l  
e l ec t r opho r es i s , and immun o l og i ca l  p r ope r t i es d e t e rmined by 
ELI SA . The s e  ant i g en s  we r e  s h own to b e  l ipopo lys a c c ha r id e s  
C LP S s) cont a in ing f u c o s e , a 2 -ami no - 2 , 6-d i deoxy h ex o s e  
( un i dentif i ed) , g l uc o s e  a n d  mann o s e  a s  t h e  ma j o r  s u g a r s , 
a l ong w i t h  sma l l  amo u n t s  C <l % ) o f  2 - k e t o - 3 -deoxyo c t onate  
CKDO) . F a t ty ac i d  d et e rm inat i o n  showed the p r es en c e  o f  
3 -hyd r o xy my r i s t i c , l a u r i c , o l e i c , a n d  two un i d ent i f i ed 
fatty ac i d s  a s  ma j o r  compon ent s .  The g r owth med i um fo r t h e  
b a c t e r i a w a s  mo d i f i e d  t o  s up r e s s  t h e  e x c e s s iv e p r o duct i on o f  
e x t r ac e l l u l a r  po lys a c cha r i d e s  ( EP S s) • Thi s  med i um had no  
qualit ative e f fect  on the nodu l at i on o r  immunochem i c a l  
c ha r act e r is t i c s  o f  the  bact e r i a . F ive hou r s  o f  m i l d  ac i d  
hyd r o lysis ( 1 %  a c e tic ac i d  at l 0 0 °c) wa s r equ i r ed t o  
s epa r a t e  the l i p i d  f rom the po l y s a c cha r i d e  po r t ion o f  the 
mo l e c u l e .  
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INTRODUCTION 
N i t r o g en o u s  f e r t i l i z e r s  today a r e  mad e  mo s t ly f r om 
r ed u c t i o n  of atmo sphe r ic d in i t r o g en , N 2 , by a r eac t i o n  
k n own a s  t h e  Hab e r -B o s c h  p r oc e s s  r equ i r in g  h i gh p r e s s u r e , 
m od e r a t e l y  h i g h  t emp e r a t u r e  an d a g o od  c at a l y s t . I n  add i t i o n  
t o  t h e  p r act i c a l  t a s k  o f  p r ov i d i n g  t h e  hug e s upp ly o f  
n it r o g en c ompo unds  n ec e s s a ry f o r  i n d u s t r i a l  a n d  a g r i c u l t u r a l  
u s e s  a s  in expen s iv e l y  a s  p o s s i b l e , c h em i s t s  a r e a t t r a c t ed by 
t h e  p o s s ib i l i t y  of d i s c ov e r ing p r oc e s s e s  that w i l l  wo r k  
und e r  l es s  d r a s t i c  c o nd i t i o n s . They d o  e x i s t! A s oybean 
p l an t  c a n  be "watched" g r owing  at 1 a tm and 2 8°c .  
Rema r k ab l y , t h e  b i o l o g i c a l  f i x a t i on o f  a tmo sph e r i c  
d i n i t r o g en i s  r est r i c t ed t o  t h e  mo r e s i mp l e  o rg an i sms , 
f r e e - l iv ing spec i e s  of b l u e -g r een a l g a e  and s ymb i oti c 
spec i e s  o f  bac t e r i a . The s e  inc lu d e  t h e  a e rob i c  g en e ra 
A z o t o b a ct er , Rhi z o bium , and Bradyrhi z o bium (2 7 ) , 
fa c u l t ative a erobes l i k e  Klebsiella, En t ero b a c t er and 
Ba c i l lus ,  and t h e  s tr i c t l y  ana e robic  Clostridium .  
E c o lo gic a lly , t he mo st import a n t  n i t rog e n - f i x ing s ys t em s  are 
t ho s e  wh i c h  'f i x' in a ssoc iation w i t h  a plant , b ec a u s e  t h e  
b i olog i c ally u s e ful form o f  n i tro g en (i . e. ammonia ) i s  
s uppli e d  ju s t  where i t  is n e eded , a t  t h e  plant ro o t s  (37). 
T h i s  f undamental pro c e s s  i s  b e s t  a c c ompli shed  by 
bact e r i a of the g en era Rh izobium and Bradyrhi z obium 
t hro u g h  symb i o t i c  in f e c tion of vario u s  specie s  of l eg umes: 
peas , b e an s ,  so y b e a n s ,  chickpe as , a l fa l f a , clover, and s o  on  
-1-
( 3 7 ) , in  a s t ep-wi s e  pa thway commo n t o  mo st r h i zob i a - l egume 
symb i o s e s . Thes e s t eps a r e : a )  a t t a c hmen t  o f  t h e  bac t e r i a  
t o  t h e  r o o t  ha i r s o f  t h e  ho s t  p l ant; b )  c u r ling o f  t h e  root  
h a i r s ;  c )  d ev e l opment o f  i n f ec t i o n  t h r e a d s  i n  t h e  r o o t  
ha i r s ;  d )  r el e a s e  o f  t h e  bact e r i a  f rom t h e  i n f ec t i o n  t h r ead 
i n t o  t h e  inn e r  c o r t i c a l  c e l l s  of  the r o o t; and  e )  f o rmat ion  
o f  t h e  n i t r og e n  r educ ing bact e r o i d s  ( 5 1 )  • 
T h e  i n f e c t i on p r oc e s s i s  h i g h l y  s p e c i f i c s in c e  i t  
p ro c e ed s  inva r i ab l y  t h r o u g h  ho s t - symb i o n t  r ec o gn it i on . F o r  
i n s t an c e ,  B r ady rh i zob i um japon icum w i l l  i n f ec t  o n l y  
s oyb e an s , whe r eas Rh i zob ium t r ifo l i i  w i l l  i n f ec t  o n l y  
c l ove r , a n d  Rh i z ob i um legum inos a rum o n ly peas ( 3 7 ) . I n  
a dd i t i o n , w i t h in t h e  s ame spec i e s  t h e r e  a r e  a n umb e r o f  
s t r a in s  that have t h e  ab i l i t y  t o  i n f ec t  t h e  s ame h o s t , but 
w i th d i f f e r ent e f f i c acy . That i s , one s t r a in w i l l  o u t ­
c ompet e t h e  o t h e r s  f o r  n o d u l e  o c c upa t i on . The  bas i s  for 
t h i s  "c ompe t i t i on" among Rh i z ob i um and Bradyrhizob i um 
stra i n s  for t h e i r l eg ume h o s t  has n o t  b e en d e t e rmin ed, yet 
it  i s  a c omp l ex p r o c e s s  k n own t o  invo l ve  symb i ont and host 
gen e s  in  addit i on t o  nume r o u s  s o i l  fact o r s  s u c h  as  pH , soil 
typ e , mo i s tu r e, s a l i nity , and t emp era t u r e  ( 1 5,2 1 ,26,33,38). 
W i th in B r adyrh i zobium j apon icum strain s , s e r o g r o up 
1 2 3  i s  pa r t i c ularly abundant in  m i dwe s t e rn s o i l s  and i s  
highly compe t it ive  in the  i n f ec t io n  a n d  no d u l a t ion o f  
s oybean plan t s . Un f o r t u n a t ely i t  is n o t  a ve ry e f f i c i ent 
n i t r o g en f i x ing  s erogroup . At t empt s to c o n t r o l  t h e  
c ompet i t i v en e s s  o f  this indigen o u s  s tra in b y  introducing 
.... -L.-
l a rg e  amount s o f  a d e s i r ed  inoc u l um i n  t h e  v ic in i t y  o f  t h e  
r o o t , a n d  t h u s  hop i ng t o  o u t -compet e  t h e  ind i g en o u s  st r a in , 
has  had  m i n ima l  e f f e c t s  o n  n o d u l e  o c c upancy ( 5 3 , 5 4 ) . I n  
f ac t , even und e r t h e s e  c o nd i t i o n s , s e r o g r o up 1 2 3  w i l l  o c c upy 
f r om 5 0 % to 1 0 0 %  o f  s oyb ean n o du l e s  ( 3 2 ) . P r es ent l y , the 
u s e  o f  n a t u r a l l y  o c c u r r i n g  v i r u s e s , k n own a s  bact e r i ophag e s , 
wh i c h  have t h e  ab i l ity t o  k i l l  t h e  i n d i g en o u s  s t r a in C s> b u t  
n o t  t h e  i n o c u l um s t r a i n , i s  und e r inve s t i g a t i on t o  p r omo t e  
t h e  e s tabl i s hment o f  s up e r i o r  i n oc u l um s t r a in s  ( 3 , 16 , 4 7 ) . 
G iven t h e  impo rtanc e  o f  s p e c i e s  s p ec i f i c  i nt e r ac t i o n s  a s  
a n  a g r i c u l t u r a l  t o o l , and in o r d e r  t o  f u r th e r  und e r s t a n d  t h e  
b i o c h em i s t ry o f  c ompe t i t i o n , t h e  e f fo r t o f  t h i s  wo r k  has 
b e e n  c ent e r ed on cha r act e r i z in g  the mo l e c u l e s  t ho u g ht t o  b e  
r es p o n s ib l e  f o r e s t abli s h ing an  e f fe c t i v e  symb i o s i s  b etwe en 
Bradyr hizob i um japon icurn s t r a in 6 1Al 2 3 , and i t s  l e gume 
ho s t , s oybean (Glyc i n e  � ). 
Wh ile t h ere are a numb er o f  r ep ort s  wh i c h  s ug g e s t  that 
s u r f a c e  polys a c cha r id e s , extracell ula r ,  c ap s ular and 
l ipopoly s a c c hari d e s  CEP S s , C PSs , and LP S s ) f r om Rhizobiurn 
and Bradyrh izobium are o f  majo r i mpo r t an c e  i n  t h e  
e s t ab l i s hment  o f  a n  e f f ec tive symbio s i s  w i t h  t h e  h o s t  leg ume 
(4 , 6 , 1 3 , 20 ) ,  mo st  of the work has b e e n  c o n c e ntrat ed on  the 
stru c t ure and chemic a l  c ompo sition of EPSs and CPSs . In 
c o nt r a s t , th ere are only f ew r ep o r t s  i n  t h e  l i t e r a tu r e that 
d e s c r i b e  the partial c omp o s i t ion s  of  LP S s  i s ola t ed from 
Rhi z o bium s p e c i e s  (6 ) , and only o n e  p u blis hed r epo r t  on 
the c ompo s it ion of LPS f r om the s l ow-g r o w i n g  
- 3 -
B r adyr h i zob i um ( 4 4 ) . 
The  imp o r t anc e  o f  Rh i zob i um and  B r adyr h i z ob i um LP Ss  
c an b e  e xp l a i n e d  by compa r i s on t o  o th e r  G r am-n eg a t i v e  
bact e r i a . F o r  i n s t anc e , i t  i s  we l l  k n own t h a t  LP S s  o f  
patho g en i c  b a c t e r ia a r e  invo lved i n  t h e  r ec o g n i t i on b e twe en 
t h e s e  bact e r i a  and t he i r  pot ent i a l  ho s t s  ( 4 8 ) . The  
s t r uc tu r e , s ynt h e s i s  and  b i o l o g i c a l  p r o p e r t i e s  of  these  LP S s  
have b een e x t en s i v e l y  d i s c u s s e d  ( 2 , 2 5 ) . S in c e  LP S s  a r e  
c ommon c omponent s o f  a l l  G r am-n eg a t i ve b ac t e r i a ,  i t  i s  
l i k e ly that L P S s  f r om s ymb i ot i c  bact e r i a  a r e  a l s o  i nvolve d  
in  t h e  r ec o g n i t i on o f  pot ent i a l  ho s t s  ( e . g . , l eg umes ) .  I n  
t h e  s ame way , b i o l o g i c a l  p rope r t i e s may b e  s im i l a r f o r LP S s  
o f  pathogen i c  a n d  symb i o t i c  bac t e r i a . 
T h e r e  a r e  a n umb e r  o f  r epo r t s  wh i c h  s u g g e s t  that the  
L P S s  f r o m R h i z o b i u m a n d  B r a d yrh i z o b i um p l a y a n  i mp o r t a n t  
r o l e  i n  t h e  symb i o t i c  i n f ect i on o f  l eg umes . S tu d i es o n  t he 
e a r l y  s tag e s  o f  i n f ect i on have i n d i c a t e d  that  LP S f r om 
Rh i z ob i um b in d s  spec i f ic a l ly t o  r o o t  p r o t e i n s  c a lled 
l ect i n s  ( 28 , 2 9 , 1 ) . Wh et h e r t h i s  i s  a n  i n d i c a t i on o f  
spec i f i c ity i n  attachment has n o t  b e en c l a r i f i ed . I n  fact  
s eve r a l  s u b s equ ent r ep o rt s s h o w  tha t t h e r e  is  n o  c o r r ela t i o n  
b etwe en  a t t a c hm ent a n d  t h e  spe c i f i c i t y  o f  s ym b i o s i s  ( 43 , 5 8 ) . 
The r e  a r e  s uppo r t i v e  d a t a , though , that  LP S s  may b e  
impo r t an t  i n  l at e r  even t s  o f  symb i o s i s . Fo r i n s tanc e ,  a 
r ecent r ep o r t  s howed that pu r i f i e d  LP S f r om Rh i zob i um 
t r i foli i enhan c e d  i n f ect i on t h r ea d  f o rma t i on i n  c l ove r 
r o o t  ha i r s ( 1 4 ) . Othe r r epo r t s  s ug g e s t  t h a t  LP S s  f r om 
-4-
Rh i zobium l egumino sarum c an inh i b i t  t h e  b ind ing o f  th i s  
bacte r i um t o  its l eg ume host ( 2 8 , 2 9 ) . I n  add iti on , it has 
b e en r epo rted that the LP S s  f r om bacte r o i d s  ( th e  f o rm o f  
r h i z ob i a  f o und in s i d e  the nodu l e s ) d i f f e r  f rom tho s e  o f  
f r e e-l i v ing ( cu ltu r ed )  bacte r i a , i n  that the n umbe r o f  
g lyc o syl  r esi d u e s  f o und i n  t h e  0-anti g en s i d e  c ha i n  have 
b e en s i gn i f i c antl y r ed u c e d  ( 4 2 , 5 0 ) . T h i s  a lte r ati on may b e  
n e c e s s a ry f o r  the e xchan g e  o f  metabo l it e s b etwe en the ho st 
p l ant and  bacte r o i d  ( Ca r l son , unpub l i s hed data ) . Two 
r epo r ts s h ow th at a symb i oti c d e f e c t  i s  l i n k e d  d i r ect ly t o  a 
d e f ect i n  t h e  LPS . I n  o n e  o f  th em , Bradyr h i zobi um 
j apon icum HS 1 23 ,  a nonn o d u l ating mut ant o f  USDA I llO that 
d o e s  n ot c a u s e  r oot ha i r  c u r l ing , has b een s hown to have an 
LPS w h i c h  is m i s s i n g  th e 0-cha i n . The  E P S  and CPS , how ev e r , 
a r e the s ame ( 4 4 ) . The s econd r ep o rt , i n  wh i c h  a Tn 5 
in s e r t i o n  mutant o f  Rh i zobium phaseoli was u s ed , a l s o  
s hows th e abs enc e o f  th e 0-cha i n  r es u l t i n g  i n  the i nab i l i t y  
t o  deve l op a n  i n f ection th r ead . Thu s , th e r e  s e ems t o  b e  
s i gn i f i c an t  e v i d en c e  s uppo r t i ng t h e  r o l e  o f  Rhi zobi um LP S s  
in the inf ect i on and nodu l a t i o n  o f  l egumes . 
S t r u c t u r a l l y , LP S s  a r e  comp l ex mo l ec u l e s  tha t  can va r y  
s i gn i f i cantly even among s t r a in s  o f  a s i ng l e  spec i e s  
( 6 , 9 , 5 9 ) . Rh i z ob i um and B r adyr h i z obi um LP S s  a r e  
s imi l a r  t o  t h e  LP S s  o f  othe r Gr am-n eg a t i ve bacte r i a i n  that 
t hey u s u a l ly cont a i n  t h r e e  s t r u c tu r a l  r eg i o n s , l ip i d-A , 
r e spo n s i b l e f o r the  tox i c i t y  o f  s om e  G r a m-neg a t i ve bact e r i a ;  
a r ep e at i n g  o l i g o s a c c ha r i d e kn own a s  th e 0-ant i g en , n o r ma l ly 
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a s s o c i at ed w i t h  t h e  ant i g en i c i ty o f  t h e  bact e r i a; and a c o r e  
o l i g o sa c c ha r i d e  ( 5 7 ) . I n  add i t i on , a n  i n c omp l e t e  f o rm o f  
t he L P S , w h i c h  l a c k s  the 0-cha i n , h a s  a l s o b e en f o und i n  t h e  
s u r fa c e  o f  Rhizobium ( 7 ) . Gen e r a l ly ,  t h e  a-an t i g e n  C i f 
p r es en t ) i s  attached  t o  t h e  c o r e  o l i go sa c c h a r id e  and the 
c o r e  is  a t t a c h ed t o  t h e  l ip i d -A t h r o u g h  an ac i d - l ab i l e  
2-k e t o - 3 - d e oxyoc t a n o i c  C KDO ) ac i d  l in k ag e  ( 9 , 5 9 )  a s  s hown 
in F i g u r e  1 .  Thus , c l eavag e o f  t h e  KDO bond by m i l d  ac i d  
hyd r o lys i s  ( 6 , 9 , 5 9 )  s epa r a t e s  l ip i d -A f rom t h e  0-cha i n -co r e  
polys a c cha r id e  i n  t h e  comp l e t e  LP S ,  and f rom t h e  c o r e  
o l i g o s a c c ha r i d e  i n  the  i n c omp l e t e  L P S  ( 5 7 ) . I n  s ome 
Rh i zobium LPS s , howeve r ,  t h e  a r r an g ement o f  t h e  
po lysac cha r i d e  r eg i on app e a r s  t o  d i f fe r  f r om t h e  above 
de sc r ipt i o n  s in c e  m i ld ac i d  hyd ro lys i s  r e l e a s e s  an 0 -cha i n  
and a c o r e  o l i g o s a c c ha r i d e  ( 7 ) . I t  h a s  b e en s hown that t h e  
0 - c h a i n  a s  w e l l  a s  t h e  c o r e  o l i g o s a c c ha r i d e  f r om R hizo bi.!Jill 
t r ifo l i i  have KDO a t  th e i r  r ed u c i n g  e nd ( 1 0 ) . The r e  a r e 
r e s u l t s  s ug g e s t i n g  that t h i s  i s  a l s o  t h e  c a s e  fo r 
Rh i z o b i um l egum i no s a rum and Rh i z obium phas eo l i  LP S s  
(Ca r l s on , unpubli s hed  data ) . D i f f e r en c e s  i n  c ompo s i t ion 
a l s o  e x i s t  b e tween Rh i zob i um LP S s  and t ho s e  f r om o t h e r 
G r am-n e g a t i ve bac t e r i a . F o r  i n s tanc e , Rh i zo b i um LP S s  
u n l i k e  Sa l mo nell a LP S s  c on t a i n  u r o n i c  a c id  an d a r e u s u ally 
d evo i d  o f  hept o s e  ( 9 ,59). 
P u r i f i c a t i on o f  LP Ss  f r om G r am-n e g a t i v e  bact e r i a  has 
b e en g e n e r a l l y  d o n e  by the method of We s tpha l and Jann (5 6 )  
us ing 45% hot phen o l /wat e r . Rap i d  c o ol i n g  o f  t h i s  m i x tu r e  
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r es u l t s  in  s epa rat i on o f  t h e  wa t e r  f rom t h e  pheno l phas e . 
I n  mo st c a s e s  the LP S w i l l  b e  f o u n d  i n  t h e  wat e r  l aye r ( 9 ) , 
a l though t h e r e  a r e  r epo r t s  o f  LPS s  b e i n g  i s o l a t ed f rom t h e  
phen o l  l aye r ( 4 0 , 1 9 ) . The  pu r i f ic a t i on o f  Rhiz ob ium LP S 
has  b e en f o l l owed by a s s ay i n g  f o r KDO , wh i c h  has b e en 
r epo r t ed t o  b e  p r e s ent  i n  a l l  o f  t h e  Rh i z ob ium LP S s  
exam in e d  t o  dat e . Howev e r , a t t empts  t o  pu r i fy LP S s  f rom 
s ev e r a l  s t r a in s  o f  B r adyrh i zob i um j aponic um by u s i ng 
t h i s  method , has p r oven i n e f f e c t i v e  ( 8 ) . 
T h i s  wo r k  p r e s en t s  an a l t e rn a t i v e  app r o a c h  t o  t h e  
i s o l at i on a n d  pu r i f i cat i on o f  B r adyrh i z o b i um j apon i c um 
6 1Al 2 3  LPSs . I t  i s  known that t h e  LP S s  o f  G r am-n e g a t i v e  
bact e ria ,  i nc l ud ing  r h i z ob i a , a r e  t h e  ma j o r  s t r a in spec i f i c 
h eat s t ab l e  ant i g e n s  o f  t h e s e  m i c r o o r g an i sms ( 5 2 ) . 
Con s equent l y , rabb i t  ant i s e r a  t o  s t r ain 6 1Al 2 3  was obt a i n e d  
a n d  u s e d i n  an en zyme l i n k ed  i mmu n o s o rbant as say ( EL I SA )  
(1 8 )  t o  "fo l l ow" t h e  immunodomin a n t  mo l ec u l e  a s  a f unct i o n  
o f  pu r i f i c a t i o n . Us ing  th i s  method t h e  LP S f r om s t r a i n 
6 1Al 2 3  wa s i s o l at e d  and pa r t i a l l y  c ha r a ct e r i z ed . 
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[O-Antigen chain]-[Outer core]-[Inner core]-[Lipid-A] 












Figure 1. �he general structural arrangement of the LPS 
components for S. typhimurium. Abe, abequose; Ea, 
ethanolamine; F.A., fatty acid; P, phosphate. 
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MATERI ALS AND METHODS 
O rgan i sms 
B r adyrh i zob i um j apon i c um s t r a in 6 1A l 2 3  was obta i n e d  
f rom Wo l fang  D .  B a u e r ,  C h a r l e s  K ett e r ing  Res e r c h  C ent e r , 
Y e l l ow Sp r in g s , OH ( P r e s en t ly a t  O h i o  S t a t e  Un i ve r s i t y ) . 
T he b ac t e r i a  we r e  ma int a i n e d  o n  s o l i d  ye a s t  e x t r a c t -man n i t o l  
(YEM ) med i um [Append i x  I A] and s to r ed a t  4°c .  
Gr owth Cond it ions 
B ac t e r i a w e r e  t r an s f e r r ed to 1 2 5  mL f l a s k s  c on t a in i ng 4 0  
mL o f  s t e r i l e  YEM o r  n ew yeast ext r a c t  g l u t amat e  (YEG ) 
med i um [Append i x  I B] , and g r own at  r oom t empe r a t u r e  on  a 
s ha k e r , f o r p r ope r a e r a t i on , at  1 5 0  r pm t o  e a r l y  s t a t i on a ry 
phas e ( about o n e  week ) . Thes e c u l t u r es we r e  u s ed to 
i n oc u l at e  5 0 0  mL o f  s t e r i l e  med i um i n  on e l i t e r  f l a s k s  and 
g r own a s  above t o  m i d - l o g phas e .  G r owth wa s mon i t o r ed by 
meas u r in g  t h e  opt i c a l  dens ity at 6 2 0  nm . The bact e r i a  we r e  
h a r ve s t ed b y  c ent r i fugat i on , i n  P So rva l l  S S - 3 o r  S S - 4 
c ent r i f u g e  u s i n g  a G SA r o t o r , at 9 , 0 0 0  r pm f o r 15 minut e s  at 
4 °c .  The c e l l  p e l l et was co l l ec t ed and f ro z en c- 2 0 °c> 
unt i l  r eady to u s e . C u l t u r es we r e  c h ec k ed f o r  G r am 
r eact i o n , ant i b i o t i c  r es i s t anc e (500 ug /mL spect i n omyc in ) , 
a nd i nab i l i t y  t o  g r o w  in  nut r i ent a g a r  b e f o r e  inoc u l at i on o f  
t h e  on e l i t e r  f l a s k  and b e f o r e  ha rve s t i n g  t o  r ecogn i z e 
c on t am inant s .  
Enzyme Linked I mmuno s o rbant As s ay (ELI SA) 
Enzyme linked i mmunoso r bant �ssay p r oc ed ure (18,10) was 
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u s e d  t o  "fo l l ow" ant i g en i c  mo l e c u l e s  a s  a funct i o n  o f  
p u r i f i c a t i o n  and i t  i s  d e s c r i b e d  i n  Append i x  v .  I n  t h i s  
a s say a k n own ant i g en , i n  t h i s  c a s e  B radyrh i z o b i um 
j apon i c um 6 1Al2 3 , i s  a d s o rbed  t o  a s o l i d  s uppo r t  s u c h  as  
t he w e l l  o f  a p o l ys t y r ene  m i c r ot i t e r  p l at e . Ra bb i t  ant i s e r a 
t o  t h i s  an t i g en w i l l  b in d  to  t he w e l l  a n d  i t  can b e  det ect ed 
by i n c ubat i on w i t h  ant i - r ab b i t  g o a t  ant i s e r a that i s  l in k ed 
t o  an  en zyme s u c h  a s  a l k a l i n e  phospha t a s e .  The  p r e s e n c e  o f  
t h i s  en zyme i s  o b s e rved b y  add i t i o n  o f  pa r a -n it r ophenyl 
pho sph a t e  wh i c h  is hyd r o l y s e d  to pa r a -n it r opheno l wh i c h  in 
t u r n  is y e l l o w  in a bas i c  s o l u t i o n . The a b s o r banc e o f  
pa r a -n i t r ophenol can b e  mea s u r ed a t  4 0 5  nm . Mo l e c u l e s  that 
b ind  t o  th e ant i s e r a w i l l  i nh i b i t i t s  b i nd ing to  t he an t i g en 
on  t h e  s o l i d  s uppo r t  and the  ye l l ow c o l o r at i on w i l l  n o t  b e  
ob s e rved . T h u s , pu r i f i c a t i on o f  ant i g en i c  mo l ec u l e s  f r om 
t h e  b a c t e r i a  memb r a n e  can be fo l lowed by t h i s  inh i b i t i o n  
as say . 
Ant igen Ext ract ion 
Ant i g en s  we r e  e x t r ac t ed by t h e  pheno l /wat e r  method ( 5 6 )  
a s  mo d i f i e d  b y  Ca r l s on e t  a l . (9 )  [App end i x  I I ] . B ot h  l ay e r s  
we r e  d i a l y z ed aga i n s t  d e i on i z ed wat e r  and lyoph i l i z ed . The 
d ry p h eno l l aye r wa s s u spended  i n  wat e r , s hak en v i g o r o u s ly 
and c ent r i fu g e d  at 7,0 0 0  rpm fo r 15 m i n . The  s up e rnatant 
was c a r e f u l ly d e c an t ed an d sav e d . T h i s p r o c e s s  wa s r ep ea t ed 
t h r e e  t imes and t h e  s upe rnatan t s  we r e  comb i n e d  and 
lyoph i l i z ed . The r es u l t i n g  wa t e r -s o l u b l e  pheno l f r act i on 
(WS) c o r r esponds to  app r o x imat e l y  10% o f  t h e  t o t a l  ma s s  o f  
t h e  dr i ed p h e n o l  laye r . The  r es t  of t h e  mat e r i a l , 
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wat e r - i n s o l u b l e  phen o l  f r act i o n  (WI ) , was a l s o  lyoph i l i z e d . 
Ant i g en s  w e r e  a l s o  ext r ac t ed by t h e  EDTA/ c hl o r o f o rm/ 
methan o l  p r oc edu r e  ( 4 0 )  [Append i x  XI V] ,  in wh i c h  EDTA 
a nt i g en p r epa r a t i o n s  (36) we r e  s ub j e c t ed  t o  Fel c h  ext r a c t i on 
( 1 7 )  f o r  f u r th e r  pu r i f i c a t i on . 
Ant i g en Pu r i f icat ion 
T h e  wat e r  s o l u b l e  mat e r i a l  was p u r i f i ed by g e l  
f i l t r at i on c h r omat o g r aphy u s i n g  a 1 1 2  x 1 . 0  cm  c o l umn o f  
S epha r o s e  4 -B o r  S ep ha d e x  G- 5 0  i n  P BS - t w e e n  b u f fe r  a t  p H  7 . 4  
[Append i x  V] . F ract i on s  c o l l ec t ed ( 15 0  x 1 . 0  ml ) we r e  
a s s a y e d  f o r t he i r  ab i l i t y  t o  i nh ib i t  t h e  E LI SA ,  a s  d e s c r i b ed 
above , and f o r  hexo s e  [Append i x  I I I ]  ( s ee F i g u r e  5 ) . 
Frac t i on s  g iving 5 0 %  inh i b i t i o n  and h i g h e r  we r e  poo l e d , 
d i a lys ed  e x t ens i v e l y  a g a i n s t  d e i on i z e d  wat e r  and 
lyoph i l i z ed . The ant i g en s  we r e  f u r the r p u r i f i ed by 
t r eatment w i t h  p r o t e i na s e  K (PK ) f o r p r o t e i n  d i g e s t i o n . To 
a 1 0  mg/mL s o l ut i on of ant i g en i c  mat e r i a l  in P B S -tween 
b u f f e r pH 7 . 4 ,  1 mg of PK was added ( 1 0 : 1  r a t i o ) f o l l ow e d  by 
incuba t i on a t  37 °c fo r 24 ho u r s . C o n t r o l  s amp l e s  w i t hout 
PK we r e  i n c u b a t ed l i k ew i s e . Al l s amp l e s  we r e  ext en s i v e l y  
d i a l y z e d  a g a i n s t  d e i on i z ed wat e r  a n d  lyoph i l i z e d . 
Po lyac rylamide Ge l E l ect r opho r es is ( PAGE) 
D i s c ont i n u o u s  s l ab g e l  e l ect r opho r es i s w i t h  s o d i um 
d o d e c y l  s u l f at e  (SD S ) was pe r f o rmed b y  t he me tho d o f  La emml i 
(35) (s e e  Append i x  VI ) .  T h e  s epa r a t i n g  g e l  c o n t a i n ed 1 5 %  
ac r y l am i d e , and t h e  st ac king g e l  cont a i n ed 5% ac r y l am i d e . 
T he gels and r unn ing buffer contained 0 . 1% SDS , and the 
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s amp l e  bu f f e r  con t a i n e d  2 %  SDS . The  s amp l e s  we r e  
e l ec t r opho r e s e d  at  a cons t ant  c u r r e nt o f  2 0  mA , a n d  t h e  g e l s  
we r e  s i lve r -s t a i n e d  a s  d e s c r i b e d  b y  H i t c h c o c k  and B r own 
( 2 4 )  ( s e e  Append i x  XV) . 
Immunob lot P roc edu r e  
Imme d i at e ly a ft e r  runn ing a s l ab g e l , a s  d e s c r i b e d  
above , the  s amp l e s  we r e  e l ect r o b l o t t ed o n t o  n i t r oc e l l u l o s e  
pape r u s ing  a H o e f f e r  T r an spho r un i t . T h e  vol t a g e  was s e t  
a t  8 0  V f o r  1 h r . T h e  t r ans f e r b u f f e r wa s 2 5  mM T r i s , and 
1 8 7 rnM g lyc i n e  p r ep a r ed i n  a 2 0 %  methano l  s o l ut i on . The 
n i t r o c e l lu l o s e  pape r was s t a i n ed f o r  B radyrh izob i um 
japon i cum 6 1A l 2 3  anti g en s  us ing  a mod i f i c a t i on of a 
p r ev io u s  p r o c edu r e  ( 1 2 ) . The  pape r wa s p l a c e d  in  1 0 0  mL o f  
TBS  b u f f e r  ( 5 0 rnM T r i s , 2 0 0  rnM NaCl , p H  7 . 4 / HC l ) c o nt a i n ing  
0 . 5 % Knox  g e lat i n e . Aft e r  30  m i n , 1 mL o f  B r adyr hi z ob i um 
japon i c um 6 1Al 2 3  ant i s e r a  was added t o  the  s o l ut i on and 
t h i s  was a l l o w e d  to s h a k e  s l o w l y  f o r  2 . 5 h r s . The a nt i s e r um 
s o l ut i o n  was r emoved , r ep l a c ed w i t h  T B S , and a l l owed to  
sha k e  fo r 10  m i n . This  was  r ep e a t ed two  mo r e  t imes . Aft e r  
t h e  f ina l r in s ing , t h e  s o l u t i o n  was r emoved and 1 0 0  mL o f  
T B S  con t a i n ing  0 . 5 % Knox g e l a t i n e  and 0 . 1  mL o f  pe r o x i das e 
c o n j u g a t ed ant i r abb i t  g o a t  ant i s e r a ( S i gma C h em i c a l s ) wa s 
added . T h i s  wa s a l l owed t o  s hak e s l ow l y  ove r n i ght at  ro om 
t empe r a t u r e . The n i t roc e l l u l o s e  pape r wa s r in s ed w i t h  TBS  
as  above and then deve l oped i n  a s o l u t i on c o n t a i n ing  1 0  mL 
o f  3 mg /mL 4 - ch l o r o - 1 -nap htho l i n  m e t h an o l , 4 0  mL o f  T B S and 
2 0  u L  of 3 0 %  hyd r og e n  p e r o x i d e  ( 12 ) . T h e  p ap e r  was r em o v ed ,  
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r in s e d  i n  d e i on i z e d  wat e r  and a l lowed t o  d ry .  
Compo s i t i on Ana lys i s  
The h e x o s e  compo s i t i o n  of the ant i g en s  wa s det e rm in ed 
qua l i t at iv e l y  and quant i t a t ive l y  by  g a s  c h r omat o g r aphy ( GC )  
( 1 )  o f  t h e  a l d it o l  a c etat e d e r ivat i v e s  o n  a H ew l e t t -P ac k a rd 
Mod e l  5 8 9 0A g a s  c h r omato g r aph , equ ipped w i t h  a 0 . 2  um d f  by 
1 5  m F u s ed S i l i c a  C ap i l l a ry SP-2330 c o l umn ( Supe l c o ) and a 
f l ame i o n i z at i o n  det ect o r  ( F I D ) . T h e  ant i g en s  we r e  
hyd r o l y s e d  w i th 2 N t r i f l u o roac e t i c  a c i d , r ed u c ed w i t h  
sod i um bo r ohyd r i d e  t o  t h e  a l d i t o l s , a n d  acetylated  b y  
heat i n g  w i t h  a c e t i c  ac i d  i n  py r i d in e  t o  obt a i n  the a l d i t o l  
a c e t a t e  d e r i v at i v e s  [App e n d i x  XII] .  Ide nt i f i ca t i o n  wa s d on e  
b y  c ompa r ing  r et ent i on t imes t o  a u t h en t i c  s t anda rds . 
Ident i f i c a t i on o f  hex o s e s  f o r  wh i c h  s t anda rds  we r e  n o t  
ava i l ab l e  was accomp l i shed  b y  u s ing  comb in e d  GC -ma s s  
spe c t r omet ry a t  t h e  N I H  GC/MS f a c i l i t y  a t  Was h ington 
Un i v e r s i ty ,  S t . Lou i s , MO . The amount  of  e a c h  s u g a r was 
d e t e r m in e d  by i nt eg r at i on of t he a r e a un d e r  t he p e a k s  w i th a 
c ompu t e r  data  sys t em ( C h r omatoc ha rt  by !MI , S t a t e  C o l l eg e , 
PA) . Thes e amo unt s we r e  c o r r e c t ed f o r d i f f e r enc e s  i n  the 
F I D r e s p o n s e  u s i n g  a c o r r ec t i o n  f a c t o r .  Th i s  w a s  c a l c u l a t ed 
f r om t h e  r a t i o  o f  t h e  a r ea o f  a k nown amo unt o f  a s t anda rd 
to a k n own amo unt of in o s i t o l , the i n t e rn a l  s t anda rd  of a l l  
s amp l e s . U r o n i c  ac i d s  we r e  quant i t a t ed by t h e  method o f  
B l ume n k r an t z  an d As b o e -H a n s en ( 5 )  u s i n g  g l u c u r on i c  ac i d  a s  a 
standard [Appendix IXJ. KDO, a cyl groups, and pyrurate w ere 
a l s o  d e t e r m i n ed by c o l o r imet r i c a s s a y s  ( 5 5 , 2 3 , 3 0 ) 
[Appendixes IV, X, and XI, respe ctively] using authenti c 
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KDO , g l uco s e  pentaacetat e ,  and py r u r a t e  a s  s t anda r d s , 
r es p e c t ive l y . 
F a t ty a c i ds we r e  i dent i f i e d  and quant i t a t ed by s l i ght ly 
mod i fy i n g  a p r ev i o u s ly d e s c r i b e d  p r o c ed u r e  ( 4 5) [Append i x  
XI I I ] . Ant i g e n  p r epa ra t i o n s , 500 u g , we r e  m i x e d  w i t h  100 u g  
o f  l a u r i c ac i d , u s ed a s  i nt e r n a l  s t anda r d , an d hyd r o lys ed  i n  
4 N H C l  fo r 2 hou r s  at l00°c, f o l lowed b y  a l k a l i n e  
hyd r o l ys i s  w i t h  4 N NaOH fo r 2 hou r s  a t  l00°c, ac i d i f i e d  
w i t h  HC l a n d  ext r ac t ed th r ee t ime s w i t h  pet r o l eum e t h e r . 
The  e t h e r l aye r s  we r e  k ept at 4°c and evapo r a t ed t o  
d ry n e s s  w i th  f i l t e r e d  a i r . Met hy l  e s t e r s  o f  t h e  f a t ty a c i d s  
w e r e  p r e pa r e d  b y  a dd i ng 500 u L  o f  B F3/m e t h a n o l ,  h e a t i n g  at  
l00°c f o r 2 m in . , c o o l ing  on  ice  and e x t r ac t i ng w i t h  
p et r o l eum et h e r . T h e  e t h e r l ay e r s we r e  evapo r a t ed a s  a b o v e . 
The r es u l t i n g  s amp l e s  we r e  d i s s o l ved  i n  d i chl o r omethane and 
ana l y z ed by GC on a SPBl 30 met e r  c ap i l l a ry c o l umn C f  rom 
S u p e l c o )  u s i n g a t e mp e r a t u r e  p r o g r am o f  150° t o  2so0c a t  
4°C / m i n ut e . I d ent i f i c a t i o n  o f  f a t ty a c i d s  was made  by 
c ompa r ing  r et ent i on t i mes t o  a s tanda r d  m i i obta i n e d  f r om 
S upe l c o . 
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RESULTS 
Growth Med i um 
D u r ing e a r ly s t ag e s  o f  t h i s  wo r k  b a c te r i a we r e  g r own on  
y e a s t  ext r ac t -mann i t o l  med i um , d e s c r i b ed i n  Append i x  I A . 
H oweve r ,  i t  was v e r y  d i f f i c u l t  t o  r emov e  t h e  bact e r i a  f rom 
s u sp en s i on d u e  t o  the  l a r g e  amo unt of  e x t r ac e l l u l a r and 
c ap s u l a r po lysaccha r i d e s  ( EP S s  and C P S s ) p ro d u c ed , in f a c t  
even  a t  2 7 , 0 0 0  x g o n l y  a l o o s e  p e l l e t  was obt a in e d . T o  
h a r v e s t  th e bac t e r i a  i t  w a s  n e c e s s a ry  t o  mak e  the med i u m  1 M 
i n  NaC l and homo g en i z e i t  i n  a b l ende r .  Y e t  t h i s  was n o t  
s u f f i c i ent t o  p r even t int e r f e r e n c e  o f  t h e s e  m o l ec u l es i n  t h e  
p u r i f i c a t i o n  o f  ant i g en s . C o n s equent l y  t h e  g rowth med i um 
was mod i f i e d  t o  s upp r e s s  EP S and C P S  p r oduct i on . T h i s  
med i um i s  s im i l a r  t o  that r epo r t ed by R . E .  T u l l ey a t  
L ou i s i ana  S t a t e  Un ive r s i ty ( 4 9 ) . P r epa r ation o f  the n ew 
med i um i s  d e s c r i b e d  in  Append i x  I B . A l though bacte r i a l  
g r owth i s  s l owe r ( F i g u r e  2 a ) , t h e  ant i g en i c p r ope r t i e s  a s  
d e t e r m i n e d  by ELISA r ema in  v i r t u a l ly unc hang e d  ( F i g u r e  2 b ) . 
I n  a d d i t i o n , n o du l e s  fo rmed-in s oyb ean r oot s inoc u l ated  w i t h  
bact e r i a  g r own in e i t he r r eg u l a r  (YEM) o r  mod i f i e d  (YEG) 
med i a , we r e  qu a l i t a t i v e l y  i dent i c a l . 
Un l e s s  spec i f i ca l ly i n d i c a t ed , a l l  r es u l t s  in  t h i s  
t h e s i s  w e r e  o b t a i n e d  w i th bac t e ria gr own i n  YEG med i um .  
Enzyme Linked I mmuno s o rbant As s ay 
T h i s  s en s i t ive t es t  was u s e d  t o  t r ack t h e  ant i g en s  as a 
f un c t ion o f  p uri f i c a t i on . Frac t i o n s  f rom e ve r y  p u r i f i c a t i o n  
-1 5-
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Figu r e  2a. G rowt h  c u rves  o f  Bradyrhizobium japonicum 
61Al23 in ye a s t  ext r a ct-man n i t o l  (YEM) and 
yeas t  ext r a c t -glut amat e  (YE G ) medi a. 
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F igu r e  2b. In h ib i t ion o f  t he ELISA by � jgponicum 
L-·J 
61Al 2 3  grown i n  YEM o r  YEG me d ia. Fo r the x 
ax is , O . D .  6 2 0  nm r e f ers t o  t h e  o pt i cal d ens i ty 
o f  t h e  bact e r i al c ult u r e  meas u r e d  at 6 2 0  nm . 
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s t ep we r e  a s sayed t o  d e t e r m i n e  t he i r ab i l i t y  t o  inh i b i t  t h e  
ELI SA . P e r c en t  i n h i b i t i on was d et e rm i n ed a s  f o l l o ws : 
A4 0 5B j  - A4 0 5AM - - - -- - - -- - -- - - -- x l O O  = % i n h ib it i on 
A4 0 5B j  
Whe r e : 
A4 0 5  = Abs o rbanc e at  4 0 5  nm 
B j = k nown ant i g en , in  t h i s  c a s e  B radyrh i zob i um 
j apon i c um 6 1Al 2 3  
AM = any ant i g en i c  mo l ec u l e  that wi l l  b ind t o  
B r adyrh i zob i um j apon ic um 6 1Al 2 3  ant i s e r a , t h u s  
inh ib it ing i ts b in d ing t o  t h e  k n own ant i g en , B j  
Ext ract ion and pu r i f icat i on o f  Ant igens 
When c e l l s  g r own in  YEM o r  YEG med i a  we r e  ext r a c t ed b y  
t h e  p h en o l / wa t e r  method o f  We stpha l a n d  Jann ( 5 6 )  a s  
mod i f i ed by C a r l s on et a l . ( 9 )  n o  ant i g en i c  a c t i v ity was 
det ect ed i n  t h e  water phas e ,  wh i c h  wou l d  b e  expe c t ed to 
c o nt a i n the l ipopo l y s a c cha r i d e . The pheno l phas e , howeve r ,  
y i e l d e d  an ant i g en i c  ext r act w i t h  an act i v i t y  s imi l a r  t o  
t h a t  o f  t h e  who l e  c e l l  ( F i gu r e  3 ) . Thes e r es u l t s  s u g g e s t  
t he p o s s i b l e  p r e s en c e o f  a hyd r opho b i c  l ipopo lysac c ha r i d e a s  
obs e r v e d  r ec en t l y  i n  anothe r G r am-n e g a t i ve b a c t e r i um , 
L egi on e l l a  pn e umoph i l a ( 4 0 ) . 
S u s p en s i on o f  t h e  lyoph i l i z e d  phen o l  phas e in wat e r  
y i e l d s  wat e r - s o l ub l e  ( WS ) and wat e r  i n s o l ub l e  (WI) ant i g en i c  
f r act i ons that inh i b i t  t h e  ELISA 7 2 %  and 5 7 %  r espect i v e l y , 




F i gu r e  3. ELI SA o f  t he m a t e r i a l  i s o l a t e d  i n  t h e  wate r a nd 
t h e  phen o l  l ay e r s  a ft e r  e x t r act i o n  o f  Ih. 
j apon i c um by t h e  hot pheno l / wat e r  method (56) . 
T h i s  g r ap h  r e p r e s en t s  a d i r ec t  ELISA in  w h i c h  t h e  
mat e r ia l  i s o l at ed f rom e i t h e r l aye r was d i r ec t l y  
b o und t o a m i c r o t it e r  p l at e .  Th i s  i s  n o t  a n  
i n h ib i t i on a s s a y . 
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t h e s e  ant i g en s  by d i ge s t i on w i t h  p r o t e ina s e  K ( PK )  i n  
P BS-tween b u f f e r pH 7 . 4 ,  a t  3 7 °c f o r 2 4  hou r s  inc r ea s ed 
t h e i r ant i g en i c  act i v i t y  s ign i f i c an t l y , a s  d e t e rmined by 
inh i b i t i on of the  ELI SA ,  9 7 %  a n d  8 7 %  f o r WS +PK and WI +PK 
f ra c t i on s  r e spect i v e l y . Rema r k ab l y , i n c ubat i on a l o n e , 
w i t ho ut PK , a l s o  i n c r ea s e d  i n h i b i t i o n  t o  9 4 %  and 9 1 %  f o r  WS 
and WI f r act i ons , r espect i v e l y  ( F i gur e 4 ) . As a r e s u l t , 
spec i f i c act i v i t i t e s  we r e  c a l c u l a t ed f o r a l l  f o u r  f r act i o n s  
t o  d e t ect whe r e  t h e  ma j o r  po r t i o n  o f  t h i s  ant i g en i c  mat e r i a l  
w a s  f oun d ( s e e  Ta b l e  1 ) . Th e m a j o r a n t i g en w a s  f o un d  i n  t h e  
w a t e r  s o l u b l e  f ra ct i on . F o r  de t a i l s  s e e  l e g e nd f o r Tab l e  1 .  
G e l  f i l t r at i on c h r omatog r aphy o f  the wat e r  so l u b l e  
f r act i o n  i n  a c o l umn o f  S ephad e x  G-5 0 o r  S epha r o s e  4-B 
( e x c l u s i o n l i m i t  3 x l 0 4 a n d  5 x l 0 6 M W , r e s p e c t i v e l y ) , b o t h  
i n  P B S -tween b u f f e r  a t  pH 7 . 4 ,  r es u l t s  i n  a s ing l e  b road  
p e a k  t hat e l ut es s ho r t ly a ft e r  the  vo i d  vo l ume as  d e t ec t ed 
by ELISA . H ex o s e  a s say [Append i x  I I I ] o f  the  s ame 
f r ac t i o n s , howeve r ,  r es ul t s  i n  two ove r l ap i ng p e a k s  ( s e e  
F ig u r e  5 )  • The s e  we r e  d i a l ys ed and lyoph i l i z ed 
i n d epend ent l y  as  0-1 and 0-2 . 
An t i g en s  we r e  a l s o  ext r ac t ed  by t h e  EDTA/ c h l or o f o rm/ 
m e t h an o l  p r o c e du r e  [Append i x  XI V] as d e s c r i b e d  in a r ec ent 
r ep o r t  ( 4 0 ) , i n  wh i c h  EDTA ant i g en p r epa rat i on s  (36) a r e  
s ub j e ct ed t o  F el c h  e x t r ac t i on ( 1 7 )  for  f u r t h e r pu r i f i c a t i o n . 
T h i s  method , howeve r , r e s u l t s  i n  a s p l i t  ant i g en i c i t y  
b e tw e e n  the  F el c h  uppe r l aye r C CH C 13-methan o l -PB S ,  
3 : 48 : 4 7 )  and the  F el c h  lowe r laye r C CH C 13-methan o l -PBS , 
8 6 : 14 : 1 ) . S e e  f i g u r e  6. Th i s  p r oc e d u r e  was n o t  pu r s u e d  
-19 -
' ' 
-2.7 -2.1 -1.5 
-2.4 -1.8 -1.2 






-.8 -. 6 
Figur e 4. I nh ib i t ion of ELISA by t h e  d i fferent phenol 
fra ct ion s after d i g e s tion wit h prot e ina s e  K for 
2 4  hours at 37°c. Dat a  for t h e  und i g e s t e d 
c ontro l s  i s  a l s o s hown. 
WS=wa t er s o l u b l e, und i g e s t e d fra c t i on 
WI =wa t e r insoluble fra c t ion 
PK=proteina s e  K 





Ci 1 I 5 J '"'¥ -.ii :;-
LPS-02 ..... .... 
llJ er \j 
<. ..... 
















Figur e  5. Elution profile of the water soluble CWS) 
antigens isolated f r orn the phenol phase after 
hot phenol/water extraction of 1L. jaconicum 
61Al23. Squares = EL ISA, crosses = hexose assay. 
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Tab l e  1 .  I n hibito ry Activities o f  Phen o l  F r act ions 
1 
F r action 50% inhibition 
p e r  mg o f  f rac 
WI 6 . 60E3 
WI +PK 869 
ws 2 . 45E4 
WS+PK 4 . 90E4 
WI Wat e r  insolub l e  f ract ion 
WS Wat e r  s o l ub l e  f ract i on 
PK P rot e inase K 
2 3 
mg pe r inhib ito ry 
f ract ion act iv ity 
2700 l . 8E7 
3 00 2 . 6E5 
3 00 5 . 4E6 
100 4 . 9E6 
4 
Re lat ive 
% 
63 
0 . 91 
19 
17 
Va l u e s  fo r c o lumn 1 we r e  obt a ined f rom a quant itat ive ELI SA 
a s s ay as that s hown in Fig u r e  4 .  
Va l u e s  fo r c o l umn 3 we r e  obtain ed by multiplying c o l umn 1 by 
c o lumn 2 • 
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f ur t her . 
At t empt s t o  i s o l ate ant i g en s  f r om b a c t er i a  g rown in  YEM 
med i um obt a in ing f i r s t  the c el l  memb r a n e  [Append i x  VI I ] , 
a fter a method des c r ibed b y  S c hna i tman (46) i n  wh i c h  
f r eez ing  a n d  thaw ing  i s  used t o  r ender G r am-n eg a t i ve c e l l s  
s en s i t ive t o  lys o z yme o r  deterg ent s ,  f o l l owed b y  
f r ac t i onat i on i n t o  i nner and o ut e r  memb r anes us ing s uc r o s e  
g r a d i ent ul t r acent r i fug a t i on ( 3 9 ) , a l s o  r es ul t s  i n  t o t a l  
ant i g en i c  act i v i t y  d iv i ded between thes e  two memb ranes 
( F i gur e 7 ) . The ma j o r  p r ob lem a s s o c i a t ed w i t h  t h i s  method 
was the i n a b i l i t y  to sepa r a t e  the i nn e r  and o ut e r  memb r an e s  
due t o  smea r ing o f  t h e  bands , p r es umab l y  c a us ed by the 
p r es en c e  of EP S s . Bes i des , t h e  c el l  memb r a n e  was 
i r r ever s i b l y  b o und to a DEAE an i o n -ex c hange c o l umn when 
c h r omat og r aphed w i t h  a 0 t o  1 M s od i um c h l o r i d e  g r ad i ent i n  
a 0 . 0 1 M T r i s , 1 %  T r i t on -X 1 0 0  b uf fer . T h i s  p r o c edur e  wa s 
n o t  pur s ued f u r ther , however the r es ul t s  s howed that the 
ma j o r  ant i g en s  we r e  in the c e l l  envel o pe . 
SDS-PAGE 
B r ady r h i z ob i um j apon i c um 6 1A l 2 3  a n t i gen s  wer e 
ana l y z ed by s o d i um dodecyl  s ul fa t e  (SDS) p o l yac r y l am i de gel 
el e c t r opho r es i s , SDS-PAGE , us i ng t h e  met ho d o f  L a e mml i ( 3 5 ) . 
T he s i l v e r  s t a i n ing p r o c ed u r e  us ed t o  v i s ua l i z e t h e  ant i gen s  
wa s t hat o f  H i t chco c k  a n d  B r own ( 2 4 )  [Append i x  XV] . Both 
0-1 and 0-2 d i sp l ayed a t yp i c a l  LPS p a t t ern , with t h r e e 
fas t -m i g r a t ing l ip i d -A-co r e  o l i g o s a c c h a r ide bands , a s ma l l  
n umb e r  of we ll r es o lved i n t e rmedi a t e  m i g r a t i n g  band s  and 
-2 3 -
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Figure 6. I nh ibition of ELISA by antigens of fh 
japon i cum 6 1A l 2 3  extra cted by th e EDTA­
c hloroforrn-rn ethano l  proc edure. 





















F ig u r e  7. Inh i b i t i on of ELISA by the out e r  and inne r 
memb ranes of 1L.. japon icum 61Al23 
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s ev e r a l  s l ow m i g r at ing bands ( F i g u r e  8A ) • Thes e ant i g en s  
w e r e  a l s o  s u b j ected t o  SD S -PAGE w i t h  f ive - fo l d  i n c r ea s e  i n  
d e t e r g ent c onc ent r at i on o f  t h e  g e l s  ( 0 . 1 % t o  0 . 5 % )  t o  
d e t e rm i n e  whethe r t h e  mu l t i p l e  s l ow m i g r at ing bands and t h e  
i n t e rmed i at e  m i g rat ing bands r es u l t ed f rom i n c omp l e t e  
d i s s o c i a t i o n  o f  agg r eg a t e s . I t  has b e en s hown that 
inc r ea s ing the  SDS conc ent r a t i on d i s s o c i a t e s  t h e  l a rg e r  
a g g r e g a t i o n s t a t e s  o f  S almonella a n d E . c o l i L P S s  ( 4 1 ) . 
T h i s  mod i f i c a t i on r educ ed  the n umb e r o f  bands i n  t h e  upp e r 
r eg i on ( F i g u r e  9 ) , s ug g e s t ing  t h a t  i n c r es ing t h e  p e r c ent  o f  
SDS pa rt i a l ly d i sagg r egat ed  t h e  LP S . T h e  mo l ec ul a r  we i ght 
r an g e  a s  c ompa r ed t o  p r o t e i n  s t an d a r d s  ( bov i n e  s e r um 
a l bum i n , 6 6K ;  egg a lbum i n , 4 5K ;  B-l a c t og l ob u l i n , 1 8 . 4K; and 
lys o zyme , 1 4 . 3 K )  is  app r o x ima t e ly 1 0 -1 2K fo r t h e  lowe r 
ban d s , 2 9-3 6K f o r  the  int e rmed i a t e  bands ( i nc r eas i n g  
r eg u l a r ly b y  about lK ) , 5 4K fo r t h e  ma j o r  uppe r b a n d  and 
7 1-8 9 K  f o r  fa i nt e r  band s of h i g h e r  mo l e c u l a r we i g ht . The s e  
va l u e s  a r e  g iven o n l y  fo r c ompa r a t i ve pu rpo s e s  and do  n o t  
n e c e s s a r i ly r ep r es ent the  a c t u a l  mo l e c u l a r  we i ght o f  t h e  
p o l y s a c c ha r i d e s . 
SDS -PAGE s tud i e s  o f  s eve r a l  o t h e r  B r ady r h i zob i um 
iruLQn i c um s t r a i n s , 6 1A7 6 , 6 1Al 3 5 , 6 1Al 0 1C and mut a n t s  
ML 1 2 5 , ML 1 2 6 , a n d  ML 1 4 4  s how that  th e i r LP Ss  a r e a l s o  
i s o l at ed i n  t h e  phen o l  pha s e  a f t er phen o l -wat e r  ext r ac t i o n  
( F i g u r e  1 0 b ) . St r a i n  USDA 1 1 0  a n d  i t s  nonnodu l a t ing  mut a n t  
H S 1 2 3 , r ec en t ly an a l y z e d  b y  S t a c ey's g r o up ( 4 4 ) , Rb i z o b i um 
f r ed i i  U SDA 2 05 ( p r ev i o u s l y  f a s t -g rowing  R . japonicum )  
( 1 1 )  and Rh i z ob i um leguminosarum ANU 5 4 , a l l  of wh i c h  
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Figu r e  8a. v.i� uuo-rttu�. �an� �: pro�ein s �anaa r as 
( B SA ,  6 6K;  egg a lbumi n , 4 5K ;  B - l a c t o g l ob u l in , 
1 8 . 4K ;  lyso zyme , 1 4 . 3K ) , 2 ug o f  .each . Lane 2 :  
LP S 0 - 1 ,  1 0  ug . Lan e 3 :  LP S 0 - 2 ,  1 0  ug . Lan e s  
2 a n d  3 a r e  f r o m  Ji.L ja po nicum 6 1 A l 2 3 . L a n e s 
4 and 5 a r e  conta i n  LP S f r om Sa lmone lla 
minnes ot a , w i ld t yp e  and a r o ug h  LPS  mut ant , 
r e s oectivelv 
J 
Fig u r e  9. 0 . 5% SOS - P A G E . Lan e 1 , p r o t e i n  s t a n d a r d s  ( 2  u g  
o f  eac h )  • F o r d e s c r ipt ion o f  s t an d a r d s  s e e  
f i g u r e  8 a . Lan e 2 and l a n e  3 ,.� japon i cum 
6 1Al 2 3  LP S 0-1 and LP S 0-2 r e spe c t i v e l y  (10 u g  
e ac h ) . Lan e 4, LP S o f  Sa lmon e lla m i nnes o t a  
w i l d  type (3 uq) . 
c o nt a in LPS  that a r e  i s o l at ed i n  t h e  aqu e o u s  phas e ,  we r e  
u s e d  a s  c ompa r i son . I nt e r es t i n g ly , o u r  stud i e s  s how that 
LP S s  f r om s t r a i n s  1 10 and HS 1 2 3  a r e a l s o  p r e s ent  in  the 
p h en o l  pha s e ( F i gu r e  lOb). T h es e  r es u l t s  s u g g e s t  that  the 
p o s s i b l e  p r e s enc e of  hyd r ophob i c  l ipopo lys a c c ha r i d e s  may be 
a g en e r a l  c ha r a ct e r i s t i c  fo r Brady r h i z ob i um japon i c um 
s t r a in s . 
Immunochemical Ana lys i s  of Ant igens 
S D S-P o lyac ryl a m i d e  g e l s  w e r e  s ub j e c t e d  to immu n o b l o t t i ng 
a s  s oon  a s  e l ect r opho r es i s was comp l e t e  t o  d et e rm i n e  t h e  
ant i g en i c  a c t i v i ty o f  t h e  b a n d s  o b s e rved i n  s i l v e r -s t a i n e d  
g e l s . Reac t i on w i t h  Bradyrhizob i um japon icum 6 1Al 2 3  
a n t i s e r a ( 2 2 )  ind i c a t e s  t h a t  o n l y  t h e  h i gh e r  mo l ec u l a r  
we i g ht f o rm o f  the LP S s  conta i n  t h e  immunodom inant s i t e , as 
j ud g e d  by the s e l ect ive  s t a i n i n g  of t h i s  r eg i o n  upon 
dev e l opment of the  n i t r oc e l l u l o s e  pape r with p e r o x i d a s e  and 
4 - c hl o r o-1 -napht o l  ( F i gu r e  8b ) . 
Chemi c a l  Composit ion 
The LP S c o mp o s i t i o n s  a r e  g i ven in Tab l e  2 .  KDO , ac y l  
g r oups , py r uvat e ,  an d u r o n i c  a c i d s  we r e  d e t e r m i n e d  
c o l o r i m e t r i cal l y  a s  p r ev i o u s l y  i n d i cat e d. The t w o  majo r 
s uga r s  i n  0-1 an d 0-2, a s  d e t e r m i n ed by gas  ch r omat o g r aph i c  
a n a l y s i s  o f  t he i r a l d i t o l  a c etat e d e r ivat i v e s , a r e  f u c o s e , 
and a 2 - am in o -2 , 6-d ide o xyhex o s e  wh i c h  appea r s  a ft e r  t h e  
r et en t i on t ime f o r  s tanda r d  h ep t o s e. B o t h  LP S s  c o n t a i n  
la r g e  amo u n t s  o f  ac y l  g r o up s  and a r e  d ev o id o f  
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Fig u r e  lOa. SDS -PAGE o f  t h e  mat e r i a l  i s o l a t e d  i n  t h e  
wat e r  l aye r a ft e r h o t  phen o l/wa t e r  ext r a c t i o n  
o f  s ev e r a l  s t r a in s  o f  Rh i z o b i um and 
Bradyrh i z obi um b a ct e r i a . Al l l an e s  c o n t a in. 
1 0  uL  o f  1 0  mg/mL s o l u t i o n s . Lan e s  1 - 7  a r e  
d i f f e r en t  s t r a in s  o f  .IL.. j apon i c um :  1 ,  
6 1A7 6 ; 2 ,  6 1A l 0 1C ; 3 ,  ML 1 4 4 , a mutant o f  
6 1Al 0 1C ; 4, U SDA 11 0 ; 5 ,  H S 1 2 3 , a mut a n t  o f  
USDA 1 1 0 ; 6 ,  6 1Al 2 3 ; 7 ,  6 1A l 3 5 ; 8 ,  Rh i z ob ium 
f red i i U SDA 2 0 5 ;  9 ,  Rh i z ob ium 
legum i nosarum ANU 54. 
Figure lOb. SDS -PAGE o f  th e mat e rial is olated in th e 
phenol laye r a ft e r  ph e n o l/wate r extra c tion o f  
s e v e r al st r ains o f  Rh i z ob i um and 
Bra dyrhi zob i um ba c t e r i a. Lane 1 ,  lh 
leau m inosa ru m ANU 5 4 ; l a n e s  2 - 8 ar e di f f e r e nt 
str ain s o f  � japonicum: 2 ,  6 1A 7 6 ;  3 ,  
6 1Al 01C ;  4 a n d  5 ,  US DA 1 1 0 and ·its mut a n t  H S 1 23 
r esp e ctiv e l y; 6, 6 1A l 2 3 ;  7 ,  6 1A l 3 5 ;  8 ,  M L 1 4 4  
m u t ant o f  6 1Al 0 1C ;  9 ,  R.s.. fre d i i  USDA 2 0 5 ; 
1 0 , p r otein s t an d a r d s . Lan e s  1 - 9 contain 3 0  uL 
o f  a 1 mg/mL s olutio n . Lane 1 0  co n t ains 2 ug 
o f  th e two s ta n d a r d s  us e d  CB-l a ctoglobulin and 
ly s ozyme) • 
pyruvate. Low levels of KDO ( <1 % ) appear to be another 
characteristic of Bradyrhizobium japonicum strains 
studied so far ( 8 , 4 4 ,  and this report) which explains the 
inability to purify the LPS by assaying for the presence of 
this molecule, as is routinely done for other Rhizobium 
strains ( 6) .  The major difference between LPS 0-1 and LPS 
0-2 is observed in the glucose composition, 0-1 contains 
approximately 3% more glucose than 0-2 . The fact that 
g alactose was not detected in LPS 0 -2 may not be significant 
since 0-1 contains only 0 . 5  ± 0 . 2 % of this sugar. The 
difference in KDO is also very small. The fatty acid 
composition, Table 2 ,  reported as relative percent, is 
characterized by the presence of straight-chain acids with 
3-hydroxyrnyristic acid, lauric acid, oleic acid and two 
unidentified fatty acids as major components. Laurie acid 
is the most abundant in 0-1 and oleic acid is the most 
abundant in 0-2. Palmitic acid is also present in 
significant amounts and is more predominant in 0-2 than it 
is in 0-1. 
M i l d Ac id Hyd r o lys i s  
Treatment of Bradyrhizobium japonicum 61Al23 under 
normal conditins for mild acid hydrolysis ( 1 % acetic acid at 
l00°c for 1 hour) did not separate the·polysaccharide 
region from lipid-A, as observed for other Rhizobium LPSs 
( 6 , 9 , 59) . If the polysaccharide is separated from the 
lipid, SDS-PAGE exhibits no bands. Figure 11 shows that 1% 
acetic acid hydrolysis for 1 hour does not alter 61Al23 LPS. 
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Tab l e  2 .  Chemical Compos it i on o f  the LP Ss f r om 
























LP S 0-1 
10. 6±1. 7 
3. 2±0. 2 
0. 5±0. 2 
6. 8±0. 3 
1. 5±0. 3 
1 0. 4±1. 3 
1. 6±0. 2 
0. 70±. 02 
n. d. 






10. 6 3  
3. 29 
8. 10 
LP S 0-2 
10. 5±0. 7 
3. 2±0. 2 
n. d. 
4. 0+0. l 
1. 5±0. 0 
11. 1±0. 9 
1. 6±0. 2 
0. 98+. 08 
n. d. 






20. 8 3  
4. 17 
11. 46 
Except for fatty acids, these values are the percent of 
total mass given as the average of triplicate samples. 
** 
Amount of fatty acids are reported as relative percent. 
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To determine the necessary conditions for hydrolysis, 
samples were removed at various time intervals and examined 
by SDS-PAGE. Our results suggest that is necessary to 
hydrolyze the samples for five hours to separate the 
polysaccharide from the lipid-A. Whether this increase in 
time affects the glycosyl composition of the LPS has not 
been determined. 
-3 5-
F ig u re 11. SDS-PAGE of 1h. japonicum 61Al2 3 LPS 0-1 
(lanes 1 and 2) and LPS 0-2 (lanes 3 and 4) 
after mild acid hydrolysis. Lanes 2 and 4 were 
hyd0olyzed in 1% acetic acid for 1 hour at 
100 c .  
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DI SCUSSION 
Results of this work confirm that the serogroup specific 
antigens isolated from Bradyrhizobium japonicum 61Al2 3 
are indeed lipopolysaccharides. However, these LPSs differ 
from those of other Gram-negative bacteria, including most 
Rhizobium species, in that they are isolated in the phenol 
phase of the phenol-water extraction (9, 56) .  Previous 
reports had noted that the LPS from this strain and several 
o ther Bradyrhizobium japonicum str ains were n ot found in 
the water layer (8) . Recent studies of other Gram-negative 
bacteria have also reported the isolation of LPSs from the 
phenol phase (40) , suggesting the presence of antigens that 
are more hydrophobic than normal lipopolysaccharides. Given 
these unusual characteristics, several other strains of 
Bradyrhizobium japonicum were studied to determine the 
nature of their LPSs. These strains are: Bradyrhizobium 
japonicum 61A76, 61Al01 and mutants ML125, ML12 6 and 
ML144, and 61Al35. Also, some strains with a known LPS 
composition were used for comparison. These are: 
Bradyrhizobium japonicum USDA 110 and its nonnodulating 
mutant, HS12 3 (44) , Rhizobium fredii USDA205 (11) and 
Rhizobium leguminosarum ANU 54. These strains, with the 
exception of ANU 54, were grown in the new yeast 
extract-gl utamate ( Y EG)  medium, to facil itate the extraction 
of bacterial cells by the phenol-water method. ANU 54 was 
donated by a co-worker, Rick Scheuring. 
Both layer s of the phenol-water extraction wer e examined 
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by SDS -PAGE t o  d et e rm i n e  t h e  l o c a t i on o f  t h e  LP S s . The 
mat e r i a l  e x t r act ed into t h e  phen o l  l ay e r was incubated w i t h  
p r o t e in a s e  K fo r o n e  ho u r  a t  6 0 ° c p r i o r t o  e l e ct r o p ho r e s i s 
C 2 4 ) . I nt e r e s t i n g l y , a l l  o f  t h e  B radyr h i zob i um 
j apon i cum s t r a in s  cont a i n  LP S s  that  a r e  i s o l a t ed in the 
p h en o l  phas e < s e e  F igu r e  l Ob )  • U SDA 1 1 0  and i t s  Nod 
mutant appe a r  t o  have an LP S t h a t  is  pa r t i a l ly ext r a c t e d  in  
b o th the phen o l  and t h e  wat e r  l aye r s  ( s e e  F i g u r e  l O a ) . 
T h e s e  r es u l t s  s u g g e s t  that t h e  p o s s i b l e  p r e s en c e  o f  
hyd r ophob i c  l ipopo lys accha r id e s  ( s omewhat hyd rophob i c  fo r 
U SDA 1 1 0  and H S 1 2 3 )  may b e  a g e n e r a l  c h a r a c t e r i s t i c  o f  the  
s low-g r owing  B radyr h i zob i um j apon i cum s t r a i n s . At t h e  
p r e s e n t  t i me t h e r e  a r e no  data  t o  e xp l a i n  t h e  natu r e  o f  t h i s  
hyd r ophob i c i t y . 
I t  i s  k nown that  LP S s  a r e  t h e  spec i f i c ant i g en i c  
d e t e rm i nant s i n  Rh i z ob i um and B r a dy r h i z ob i.Y.ID s t r a i n s  
( 9 , 59) . P r ev i o u s  r es u l t s have s h own t ha t  a nt i s e r a t o  6 1A l 2 3  
r ea c t s s t r on g l y  w i t h  6 1Al 3 5  but  n o t  w i t h  U SDA 1 1 0  ( 3 1 ) . I n  
t h e  s ame way , phag e expe r iment s have d emon s t r at ed t hat the  
s ame t ype  of  phag e w i l l  lyse  6 1Al 2 3  and 6 1Al 3 5  but n o t  
USDA l l O  ( 3 1 ) . The s e  r e s u l t s , t o g e t h e r w i t h  t h e  s im i l a r ity  
ob s e r v e d  in  the  gel  patt e rn o f  .IL.. j apon i c um 6 1Al 2 3  and 
6 1Al 3 5  ( F i g u r e  l O b ) , ind i c at e  that the LP S s  o f  t h e s e  two 
s t r a in s  mu s t  hav e a compa r ab l e  s t r u c t u r e  and c h em i c a l  
c ompo s i t i o n . F u r t h e rmo r e ,  s inc e comp e t i t i o n  i s  d e t e rm i n e d  
by t h e  d i f f e r ent s e r o g r o ups , and k n ow i n g  t h a t  6 1Al 2 3  and 
6 1Al 3 5 hav e a s i mi l a r r ec ept o r  s i t e  f o r the i nt e r a c t i on w i t h  
phag e ( s ee abov e ) , i t  i s  lik e l y  t h a t  t h e  s t r u c t u r e  o f  the  
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LP S s  a r e r e l ated , d i r ec t l y  o r  i nd i r e c t l y , t o  t h e  p r oc e s s  o f  
c ompet i t i o n . 
Bas ed on the E L I SA r es u l t s  o f  !h_ ifil2.Qn i c um 61A l 2 3 
wat e r  s o l u b l e -phen o l  f r ac t i on a f t e r  2 4 hou r s  o f  d ig e s t i on 
w i t h  p r o t e inas e K ,  i t  i s  c l e a r  that  t h i s  d i g e s t i o n  s t ep c a n  
b e  omi t t ed s i nc e i n c ubat i o n  a l o n e , w i t ho u t  PK , h a s  s imi l a r  
e f f ec t s  o n  the  r e l e a s e  o f  ant i g en i c  mat e r i a l  ( s e e  F i gu r e  4 ) . 
T he pheno l -wa t e r  e x t r a c t i o n  p r oc e d u r e  (9, 56) wa s cho s en 
s i nc e i t  i s o l a t e s  t h e  ant i g en s  i n  o n e  f r ac t i o n  o n l y , the  
p heno l l ay e r  ( F i gu r e  3) , a s  opp o s e d  t o  the  o t h e r  t wo me thods 
i n  wh i c h  t h e  ant i g en s  we r e  s epa r a t ed i n  two l aye r s  o r  
memb r a n e s  ( F i g u r es 6 and 7 ,  r espect i v e ly ) . In add i t ion , 
t h i s  s imp l e  met hod c an b e  comp l et e d  i n  t wo d a y s , w h e r ea s  the  
othe r metho d s  r equ i r e abo ut o n e  week . 
Re s u l t s  f r om t h e  immuno b l o t  ind i c a t e  t h a t  ant i b o d i e s  t o  
!h_ j apon icum 61Al2 3 a r e  p r o d u c e d  aga i n s t  the comp l e t e  
L P S  o n l y , as  obs e r ved  f r om t h e  s e l ect i v e  s t a i n ing o f  the 
uppe r band s ( F i g u r e  8b ) • I s o l a t i on o f  t h e  comp l e t e  LP S 
c o u l d  b e  a c c o mp l i s h e d  by a f f in i t y  c h r omato g r ap hy . F o r  th i s , 
the ant ibod i e s a r e  p u r i f i ed by i o n  exc hang e c h r omat o g r aphy 
( D EAE ) and attached t o  anothe r c o l umn C a f f  i n i ty c o l umn ) . 
Aft e r  r unn ing  the  m i x t u r e  o f  LP S s  t h r o u g h  t h i s  c o l umn , t h e  
i nc omp l e t e  LP S s ho u l d  pa s s  t h r o u g h  wh i l e  t h e  comp l e t e  LP S 
wo u l d  r ema in attached  t o  t h e  c o l umn . E l ut i o n  o f  t h e s e  
mo l e c u l e s  c o u l d  b e  d o n e  by c han g ing t h e  p H  o r  by a s a l t  
g r ad i ent . 
T h i s  and pu r i f i c at i on o f  t h e  polys a c c ha r i d e  r eg ion , 
a f t e r m i l d  a c i d  hyd r o l ys i s  f o r f i ve  ho u r s , a r e  impo r t ant 
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s t ep s  t o  f u r t he r  e l u c i d a t e  t h e s t r u ct u r e  o f  B r adyr h i z o b i um 
j apon i c um 6 1Al 2 3  l ipopo lysaccha r id e s . 
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Append i x  I 
A .  Yeast Ext r act Mann i t o l  Med ium 
I ng r e d i ents Amount/L i t e r  
K2HP04 0 . 5  g 
Mg so4 · 7H20 0 . 2  g 
NaC l 0 . 1  g 
Mann i t o l 5 . 0  g 
G l uc o n i c  Ac i d  5 . 0  g 
Y e a s t  E x t r ac t  0 . 5  g 
Ag a r ( D i fc o ) , f o r  s o l i d s  1 5 . 0  g 
Ad j u s t  pH b etween 6. 7-7. 0 b e f o r e  autoc l av ing 
B .  New Yeast Ext ract Glutamat e  Med ium 
I ng r edient s 
K 2HP0 4 
Mg so 4 · 1H 20 
NaC l 
G l u t arn i c  Ac i d  
Y e a s t  E x t r a ct 
Ag a r C D i fc o ) , f o r  s o l i d s  
Amo unt/Lit e r  
----------
0 . 5  g 
0 . 2  g 
0 . 1  g 
7 . 0  g 
0 . 5  g 
1 5 . 0  g 
Ad j u s t  pH between 6 . 7 - 7 . 0 /NaOH b e f o r e  autoc l av ing 
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Append i x  I I  
Mod i f i ed LP S ext ract ion (Hot phenol/wat e r  method ) 
Reag ents : 
A. P h o spha t e / EDTA bu f f e r  
0 . 0 5 M Na 2HP0 4
. 7 H 20 '  5 mM Na 2 EDTA , 0 . 0 2 %  
NaN3 , pH 7 . 0 /H C l  
B .  Lys o zyme 
c .  9 0 %  pheno l ,  l i qu i d  
D .  0 . 0 4 M MgC 1 2 
E .  DNa s e  I and RNa s e  A 
P rocedu r e : 
1 .  P u t  1 5 0  mL o f  r ea g ent  A i n  a 4 0 0  mL b eak e r  and s et o n  i c e  
2 .  We i g h  out  bact e r i a pe l l et ( 2 0 - 3 0  g ) , t ran s f e r  t o  b e ak e r  
and  s t i r  t o  s u spend . 
3 .  B l end i n  Wa r ing b l end e r  i n  t h e  c o l d  r o om ,  3 x 1 m i n . 
4 .  S o n i c a t e  ( s ett ing b e a k e r  on i c e )  u s ing  t h e  B r on s on son i c  
d i s r upt o r  a t  7 0 %  max imum powe r , 1 0  x 3 0  s e c . 
5 .  Add 1 5  mg o f  lyso zyrne , c ove r t h e  b e ak e r  and s t i r  
ove r n i ght at 4°c .  
6 .  S e t  up o n e  wat e r  bath t o  3 7 °c and a s e cond to 6 0 °c .  
H eat  the above m i xt u r e  t o  3 7 ° c and s t i r fo r 2 0  m i n . 
As i d e , heat 2 0 0  mL o f  pheno l t o  6 5 °c .  
7 .  Repeat s on i c a t i on p r o c ed u r e . Add 5 0  mL o f  r eagent D ,  
1 0  mg o f  DNa s e  and 1 0 0  mg o f  RNa s e .  I ncubate  f o r  1 0  m i n  
a t  3 7 °c a n d  then 1 0  m i n  at 6 0 °c .  
- 4 2 -
8 .  H eat  m i xt u r e  t o  6 5 °c .  Add p r eheat ed phen o l  and s t i r  
1 5  m i n  a t  6 5 °c .  C o o l  on i c e  b a t h  f o r 1 5  m i n  and t h en 
c ent r i fug e at 9 , 0 0 0  rpm fo r 2 0  m i n . C a r e f u l l y  r emove 
w at e r  l ay e r ( t op ) and save . 
9 .  H eat 2 0 0  mL o f  d e i on i z ed wat e r  t o  6 5°c and add i t  t o  
t h e  p h en o l  laye r ;  s t i r 1 5  m i n  a t  6 5 °c .  C o o l  o n  i c e  
a n d  c ent r i fuge  a s  b e fo r e . Remove  wat e r  l aye r and 
c omb in e  with f i r s t  c o l l ect i o n . 
1 0 . D i a ly z e  and lyop h i l y z e bot h t h e  p h en o l  an d wat e r  l a ye r s . 
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Append ix I I I  
H exos e a s say 
Reag ents : 
A .  0 . 2 % Ant h r o n e  i n  cone . H 2 so 4 
B .  S t anda r d : 1 mg/mL s o l u t i on o f  g l uc o s e  
C .  Sampl e s : 1 mg/mL s o l u t i o n  
P rocedu r e  
1 .  P r epa r e  a set of s t anda rds  f r om O to 2 0 0  uL  and q . s .  t o  
5 0 0  u L  w i t h  d e i on i z e d  wat e r  
2 .  P r epa r e  a s e r i e s o f  t u b e s  f o r  t he s a mp l e s  b ut u s e l a r g e r  
v o l umes , 5 0 - 3 0 0  uL , and q . s . t o  5 0 0  u L  w i t h  d e i on i z e d  
w a t e r  
3 .  Add 1 mL o f  r ea g ent A .  Vo r t e x  and wa i t  5 m i n  
4 .  Read abs o r banc e at 6 2 0  nm 
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Append i x  I V  
K DO  ( 2 -k eto - 3 -deoxyo cton ic ac i d )  As s ay 
Reagent s : 
A .  0 . 4 N H 2 so 4 ( F o r  s t r on g  a c i d  hyd ro lys i s  u s e  1 0  N )  
B .  0 . 0 4 N H I 0 4 i n  0 . 4 N H 2 so 4 
c .  2 %  NaAs02 ( s o d i um a r s en it e )  in  0 . 5  N HC l 
D .  0 . 3 % t h i oba r b i t u r i c a c i d  
P r o c ed u r e  
T h e  n a t u r e  of s amp l e s  d e t e rm i n e s  the amo unt n e eded . Al l 
s amp l e s  a r e  d i lut ed t o  a f ina l v o l ume o f  2 0 0  u L . 
1 .  P r epa r e  s tanda rds  f r om a 0 . 1  mg/mL s o l ut i on o f  KDO . 
D i l u t e  t o  2 0 0  mL w i t h  d e i on i z ed wat e r . 
2 .  Ad d 2 0  uL  o f  r eag en t A t o  s t a nd a r d s  and s amp l e s ,  vo r t ex . 
3 .  P l ac e  i n  bo i l ing wa t e r  bath f o r 3 0  m i n  ( fo r  s t r o n g  ac i d  
hyd r o l ys i s , l e ave 1 h r ) . 
4 .  Add 2 5 0  uL  o f  r eag ent B,  vo r t ex and l e ave at r o om 
t empe r a t u r e  f o r  at l e a s t  4 0  m i n . 
5 .  Add 5 0 0  uL o f  r ea g ent  c ,  vo r t ex and wa it  fo r 5 m i n . 
6 .  Ad d 2 mL o f  r e ag e nt D ,  v o r t e x  a n d  p l a c e  i n  bo i l i ng wa t e r  
b a t h  f o r  2 0  m i n . 
7 .  Read abs o rbanc e immed i at e l y  a t  5 4 8  nm . C ent r i f ug e  any 
c l o udy s amp l e s  fo r 1 m i n . 
- 4 5 -
Append i x  V 
ELI SA ( En zyme L inked I mmunoso rbant As say) 
Reag ents 
A. P B S -Twe en Bu f f e r  
0 . 1 3 7  M NaC l , 1 . 4 7 mM KH 2Po 4 , 2 . 6 8 mM KC l , 8 . 3 8 mM 
Na 2HP0 4 " 1 2H 20 ,  0 . 0 2 %  NaN3 , 0 . 5  rnL Twe en 2 0 , 
f ina l pH 7 . 4  
B .  C o a t ing  Bu f f e r  
1 5  rnM Na 2C0 3 , 3 5  mM NaHC0 3 , 0 . 0 2 %  NaN3 , p H  9 . 6  
C .  S u bs t r a t e  Bu f f e r  
0 . 1  M Glyc in e , 1 mM MgC l 2 " 6H 20 ,  1 mM Z n C 1 2 ' 
p H  1 0 . 5 / NaOH 
D .  S u b s t rat e : p-n it r ophenyl pho sphat e d i s o d i urn 
E .  Rabb i t  ant i -Rh i z ob i um ant i s e r um 
F .  C o n j uga t e : Goat ant i - r abb i t  I gG a l k a l in e  phosphat a s e  
G .  0 . 8 5 %  NaC l 
H .  3 M NaOH 
P r o c edu r e  
1 .  Wa s h  bact e r i a ( an t i g en )  f rom s lant u s ing  m in imum amo unt 
of r eag ent G ( about 1 mL ) 
2 .  H ea t  i n  bo i l ing wat e r  bath f o r 1 5  m i n ; a l l ow t o  c o o l  
3 .  D i l u t e  w i t h  r eag ent B t o  a n  opt i c a l  d e n s i t y  C O . D . )  o f  
0 . 5  abs o rban c e  a t  6 2 0  nm 
4. C o a t  the wel l s  o f  a m i c r ot i t e r  p l a t e  w i t h  1 0 0  uL  o f  t h e  
ant i g en - c o a t i n g  b u f f  e r  s u spen s i on 
5 .  C ov e r the  p l a t e  and a l low t o  inc uba t e  at  s 0c ove rn i ght 
o r  3 7 ° c  f o r 1 hr ( c oat i n g  i n c ub a t i on )  
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6 .  Onc e coat ing i s  c omp l e t e , s hak e exc e s s  ant i g en o ut o f  
w e l l s  and was h  p l at e w i t h  r eag ent A fou r t imes . D u r i n g  
f i r s t  was h ing , the  p l a t e  was f i l l e d  w i t h  P B S -Twe en and 
immed iat e l y  empt i ed . F o r t h e  f o l l o w i ng was hes  P B S -Twe en 
r ema ined i n  the we l l s  f o r 5 m i n  b e f o r e  r emov a l  
7. T o  pos i t i v e  cont r o l  w e l l s  add  5 0  u L  o f  a 1 : 4 0 0  d i l u t i on 
o f  r eag ent E i n  P B S -Tween , and 5 0  u L  o f  r eag ent A fo r a 
f in a l  d i l u t i on o f  1 : 8 0 0 . T o  n e g a t i v e  c o n t r o l  we l l s  add  
1 0 0  uL of  r eag ent A o n l y . T o  expe r imenta l  we l l s add 5 0  
u L  o f  the  1 : 4 0 0  d i l u t i on o f  r eag ent E i n  P B S -Twe en , and 
5 0  uL of s e r i a l  2 - f o l d  d i l ut i on s  of s a mp l e , i n  P B S -Twe en . 
Cove r t h e  p l a t e  and a l l ow t o  i n c uba t e  a t  2 8 °c fo r 1 
ho u r  ( ant i -Rh i zob i um i ncubat i o n ) 
8 .  Repeat was h ing p r o c edu r e  
9 .  T o  each  wel l add 1 0 0  u L  o f  a 1 : 1 0 0 0  d i l u t i on o f  r eag ent 
F in P BS -Tw e en , a n d  a l l o w  t o  i n c u b a t e  at s 0 c o ve r n i g ht 
o r  3 7 °c fo r 3 h r s  ( c on j u g a t e  i n c uba t i on ) 
1 0 . Repeat wash ing p r oc edu r e  
1 1 . Add 1 0 0  u L  o f  a s ub s t r a t e  s o l ut i on , 1 mg /mL o f  r eag ent 
C ,  to e a c h  we l l . Al low to  d eve lop a t  r o om t empe r a t u r e  
( s ub s t r a t e  i n c ubat i on ) . Aft e r  t h e  y e l low co l o r at i o n  o f  
p o s i t ive  w e l l s  i s  a ppa r ent , 2 0 - 3 0  m i n , s t o p  t h e  r ea c t i o n  
by add ing  5 0  uL o f  3 M NaOH pe r we l l  
1 2 . Read abs o r banc e at 4 0 5  nm 
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Append ix VI 
D i scont inuous SDS-Po lyac rylamide Gel E l ect ropho res i s  
S t o c k  s o lut ions : 
A .  Runn ing g e l  s t o c k  bu f f e r  
1 . 8 7 5  M T r i s ba s e , p H  8 . 8/HC l 
B .  S t ac k ing  g el s t o c k  bu f f e r  
0 . 6 3 5  M T r i s ba s e , p H  6 . 8/HC l 
c .  S t o c k  5 0 %  ac r y l am i d e  s o l u t i on 
2 5  g Ac r y l am i d e , 0 . 6 2 5  g B i s -ac r y l am i de . Add d e i on i z e d  
wat e r  t o  a t o t a l  vo l ume o f  5 0  mL 
D .  S o d i um dodecyl  s u l fa t e  ( SD S )  s o l ut i o n , 1 0 %  
2 . 5  g SDS i n  2 5  mL D e i on i z e d  wa t e r  
E .  S amp l e  b u f f e r 
5 mL S o lut ion B ,  2 g S u c r o s e , 0 . 4  g S D S , 5 mg B r omp heno l 
b l ue , 1 mL B -me r c apt o et hano l .  D i l u t e  t o  2 0  mL w i t h  
d e i on i z e d  wat e r  
F .  Runn ing b u f f e r  
0 . 0 2 4 8  M T r i s  ba s e , 0 . 1 9 2  M G l yc in e , 3 . 4 7 �Ji SDS 
P r epa r ing the r unn ing g e l  
1 .  As s emb l e  the  g e l e l ec t r opho r es i s  appa r a t u s . 
2 .  F o r 3 0  mL o f  a 1 5 %  r unn ing g e l , m i x  t h e  f o l lowing : 
6 . 0  mL s o l ut i o n  A ,  9 . 0  mL s o l ut i o n  C ,  0 . 3  mL s o l ut i on D ,  
1 4 . 7  mL d e i on i z e d  wat e r , s u cro s e  ( opt i o na l )  1 0 %  w/v 
3 .  J u s t  be f or e  pou r ing the  gel add  0 . 0 7 mL of a fre s h l y  
p r epa r ed 1 0 %  ammon i um pers u l fat e s o l ut i o n  { in d eg a s ed 
d e i on i z e d  wa t er )  and 0 . 0 3 mL o f  T EM E D  ( N , N , N ' , N ' -T e tra ­
rn e t hy l e t hy l en e d i arn i n e) t o  th e g e l  s o l u t i o n a n d  m i x . 
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4 .  P o u r t h e  g e l  u s ing a P a s t eu r p ip e t t e .  Avo i d  bubb l e s . 
5 .  U s ing  a g l a s s  s y r in g e  c a r e f u l ly c o ve r t he s u r f ac e  o f  t h e  
g e l w i th 1 . 5  m L  o f  d e i o n i z e d w a t e r . A lt e rn a t i v e : Us e a 
runn ing g e l  s o l u t i o n  w ithout ac r y l am i de o r  s u c r o s e . 
6 .  A l l ow t o  p o l yme r i z e , p r e f e r ab l y  o v e rn i g ht . 
P r epa r ing the stack ing g e l  
1 .  F o r  10  mL o f  5%  s t a c k i n g  g e l , m i x  t h e  f o l lowing : 
2 . 0 rnL s o l ut i o n  B ,  1 . 0  mL s o l ut i o n  C ,  0 . 1  mL s o l ut i on D ,  
6 . 9  mL d e i on i z e d  wat e r  
2 .  Remov e t h e  wat e r  ov e r l ay i ng t h e  r u nn ing g e l an d b l o t  d ry 
w i t h  a pape r t o w e l . 
3 .  J u s t  b e f o r e  pou r ing t h e  s t a c k i ng g e l , a d d  0 . 0 5 mL o f  a 
f r eshly  p r epa r ed 1 0 %  ammo n i um pe r s u l f a t e  s o l ut i on and 
0 . 0 2 mL of TEMED and m i x . 
4 .  P o u r  t h e  s t a c k ing g e l  u s ing a P a s t eu r p ipet t e . Avo i d  
b u bb l e s . 
5 .  S l owly i n s e r t t h e  w e l l f o rme r t o  about  1 cm f r om the 
r unn ing  gel  and do  s o  at  a s l i ght ang l e  to  avo i d  
t r app ing a i r  bubb l e s  b eneath t h e  we l l s . A l l ow t o  
p o l yme r i z e . 
P r epa r ing the s amp l e s  
1 .  T o  l yoph i l i z e d  s amp l e s  add 2 5  uL o f  s o l ut i on E and bo i l  
i n  a wat e r  bath f o r 5 m i n . 
2 .  F i l l  t h e  upp e r g e l  r e s e rvo i r  w i t h  r unn ing bu f f e r  
( s o l ut i on F )  and c a r e fu l ly r emove t h e  w e l l fo rme r . 
3 .  L o a d  one  s amp l e  in  e a c h  we l l . F i l l  t h e  l owe r r e s e rvo i r  
w ith r u n n i ng b u f f e r . an d  a s s e mb l e  e l e G t r i ca l c o n n e c t i o n s . 
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4 .  Run at  c o n s t ant c u r r ent  o f  2 0  ma . E l ec t r opho r es i s i s  
c omp l e t e  when t h e  b r ompheno l b l u e  r eaches  the  b o t t om o f  
t h e  g e l  ( 4 - 5 h r s ) . 
5 .  T u r n  o f f  t h e  powe r , empty r es e rvo i r s and c a r e f u l ly 
d i sa s s emb l e  appa r a t u s  t o  r emov e  t h e  g e l . 
6 .  S t a in t h e  g e l  f o r app r op r i a t e  mac r omo l e c u l e s . 
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Reagent s :  
A .  B u f f e r  A 
Append ix VI I 
C e l l  Memb rane I s o lat ion 
0 . 0 2 M T r i s , 5 mM EDTA , 0 . 2 5 M s uc r o s e , pH 7 . 8  
B .  Bu f f e r  B 
0 . 0 2 M T r i s , 0 . 0 5 M MgC 1 2 ' pH 7 . 8  
C .  Lys o zyme 
D .  DNa s e I 
P rocedu r e : 
1 . F r e e z e  p e l let  i n  l iqu i d  N 2 and g r ind i n t o  a powd e r 
2 .  S u spend in bu f f e r  A ( powde r s ho u l d  a c c o un t  fo r 3 0 %  o f  
f ina l v o l ume ) and a d d  0 . 5  mg o f  l y s o zyme p e r mL . 
3 .  F r e e z e  by swi r l ing i n  l i qu i d  N 2 
4 .  T haw i n  wa rm wat e r  unt i l  j u s t  me l t ed and pou r i n t o  2 0  
v o l u m e s  o f  c o l d b u f f e r  B ,  c o nt a i n ing  0 . 1  m g  o f  DNas e p e r 
mL o f  s o l u t ion 
5 .  B l end immed i a t e l y  fo r 20  sec t o  s h e a r DNA and d i spe r s e  
t h e  c e l l s  
6 .  C ent r i fug e at 5 , 0 0 0  x g fo r 5 m i n  t o  r emove unb r o k en 
c e l l s . I f  pe l l et i s  s ub s tant i a l , i t  can  b e  s u spended 
a g a i n  i n  b u f f e r  A and the c yc l e  ( s t ep s  3 - 6 )  is  r epeat ed 
7 .  T h e  env e l ope mat e r i a l , c on s i s t ing of  inn e r  and o ut e r  
memb r an e s , i s  r ecove r ed by c ent r i f ug at i on a t  2 7 , 0 0 0  x g 
fo r 2 0  m i n . D i a ly z e  and lyoph i l i z e . 
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Append ix VI I I  
I so l at i on o f  Out e r  and I nn e r  Memb r anes 
Reagents : 
A .  5 mM EDTA , pH 7 . 5  
B .  S u spen s ion  Bu f f e r  
3 . 3  mM T r i s , 5 mM EDTA , 2 5 %  s uc r o s e C w/ w ) , pH 7 . 5  
C .  S u c r o s e  s o lut i o n s  C w/ w ) : 
3 5 % , 4 0 % , 4 5 % , 5 0 % , 5 5 %  i n  5 mM EDTA , pH 7 . 5  
P rocedu r e : 
1 .  P r epa r e  s uc r o s e  g r ad i ent u s ing  3 mL o f  e a c h  s o l ut i o n  
( r eag ent C )  p e r c ent r i fug e t u b e  
2 .  S u spend c e l l  enve l ope i n  1 mL o f  r eagent B and ove r lay 
3 .  
4 .  
o n  top o f  suc r o s e  g r a d i ent 
0 C ent r i f ug e  at 8 2 , 0 0 0  x g , 2 - 4  C ,  fo r 3 6 - 4 8  h r s  
C o l l ect bands , o ut e r  memb r a n e  b o t t om , inn e r  memb r a n e  
t op ,  u s ing a P a s t eu r p ipet t e . D i a l y z e  i n  1 2 , 0 0 0 -
1 4 , 0 0 0  Mo l e c u l a r  We i g ht c ut o f f  tub i ng , and lyoph i l i z e  -
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Append i x  I X  
U r o n i c  Ac i d  As s ay 
Reagents 
A .  0 . 0 1 2 5  M Sod i um t et r ab o r at e  ( Na 2B 4o 7 · 1 0 H 20 )  i n  
c one . H 2 so 4 • S t o r ed a t  4
°c 
B .  0 . 5 % NaOH 
C .  0 . 1 5 %  m-hyd ro xyb iphenyl in 0 . 5 % NaOH . S t o r ed at 4°c 
D .  St anda rd  g l uc u r on i c  o r  g a l ac t u r o n i c  ac i d  ( 0 . 1  mg/mL ) 
P r o c edu r e  
1 .  P r epa r e  a s et of s t anda r d s  0 - 2 0 0  uL  and q . s .  t o  2 0 0  uL 
w i t h  d e i on i z ed wat e r  
2 .  P r epa r e  two s e t s  o f  s a mp l e s  w i t h  a t o t a l  v o l ume o f  2 0 0  uL 
3 .  Add 1 . 2  mL r ea g ent A .  Vo r t ex 
4 .  H eat  f o r 5 m i n  i n  a bo i l ing wat e r  b a t h  
5 .  C o o l  1 - 2  m i n  i n  c o l d  wat e r  
6 .  T o  t h e  s t anda r d s  and o n e  s et o f  s amp l e s  add 2 0  u L  o f  
r ea g ent C .  T o  t h e  o t h e r s e t  o f  s amp l e s  add 2 0  u L  o f  
r ea g ent B . Vo r t e x  
7 .  L e ave at  r o om t empe r a t u r e  fo r 5 m i n  
8 .  R e a d  abs o r banc e at 5 2 0  nm . S ubt r a c t  a n y  r ea d i n g  o f  t h e  
s amp l e s  t r eated  w i t h  NaOH f r om t ho s e  t r eat ed w i t h  
m- hyd r oxyb iphenyl f o r  t h e  t r u e  r ead ing  
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Append i x  X 
As s ay f o r Ac etyl g ro ups 
Reag ents 
A .  2 M Hyd r oxylam inehyd r oc h l o r id e . S t o r ed a t  4°C .  
B .  3 . 5  M NaOH 
c .  0 . 3 7 M F e C 1 3 ° 6H 20 i n  0 . 1  N H C l  
D .  H C l , 1 pa r t  cone . H C l  + 2 pa r t s  H 20 
E . S t anda r d s : 0 . 5  mg/ml B -D ( + ) -g l uc o s e  pentac etat e  i n  
CH 3oH . Sto r ed at  4
°c .  1 0  u L =  2 . 7 5 u g  a c e t at e . 
P roc edu r e  
1 .  Lyoph i l i z e  4 0 0 - 6 0 0  m i c r o l i t e r s  of a 1 mg/mL s o l u t ion  o f  
s amp l e s  
2 .  P ipet t e  d i f f e r ent vo l ume s o f  s tanda r d  C r ec omend ed : O ,  
1 0 , 2 0 , 4 0 , 8 0 , 1 0 0  m i c r o l i t e r s ) , add  3 0 0  m i c r o l it e r s  o f  
H 2 0 t o  e a c h  an d d i l u t e  t o  a f i n a l  vo l um e  o f  4 0 0  m i c r o ­
l i t e r s  w i t h  CH 30H 
3 .  T o  2 0 0  m i c r o l i t e r s  o f  s amp l e , add 1 0 0  m i c r o l i t e r s  o f  
CH 30H and 1 0 0  m i c r o l i t e r s  o f  H 2o .  To  t h e  
l yoph i l i z ed samp l e s  add  1 0 0  m i c r o l i t e r s  o f  CH 30H and 
3 0 0 m i c r o l i t e r s  of H 2o 
4 .  M i x  equ a l  pa r t s  o f  r ea g ent s A and B j u s t  b e f o r e  u s ing . 
T h i s  i s  s t ab l e  f o r  t h r e e hou r s  at r oom t empe ratu r e . 
5 .  Add 8 0 0  m i c r o l i t e r s  o f  t h e  m i x t u r e  t o  s amp l e s  and 
s tanda rds . Vo r t e x  and a l low t o  s t and  f o r 1 m i n . 
6 .  Add 4 0 0  m i c r o l i t e r s  o f  r eag ent D C HC l ) . Vo r t ex t o  m i x  
7 .  A d d  4 0 0  rn i c r o l i t e r s  o f  r e a g ent C ( F e C 1 3 ) .  Vo r t e x  
8 .  M e as u r e  a b s o rban c e  a t  5 4 0  nm . 
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N ot e :  I f  s amp l e s  c o n t a i n  s i gn i f i ca nt qu ant i t i e s  o f  p r o t e in , 
t h i s  w i l l  p r ec ip i t a t e  o u t  upon add i t i on o f  r ea g e n t  c .  
Cent r i f ug e .. . ,_ 
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Appendix XI 
Py ruv i c  Ac i d  As s ay 
Reag ents 
A .  2 , 4 -d in i t r op henyl hyd r a z in e  ( DNP ) . 5 0 0  uM i n  1 0 0  mL o f  2 . 0  
N H C l . F r es hly p r epa r ed . D i s s o lve a t  4 0 °c 
B .  2 . 0  N H C l  
C .  T o l u e n e  
D .  1 0 %  Na 2co 3 
E .  2 . 2  N NaOH 
F .  S t anda r d  ( 0 . 1  mg/mL ) . F r es h l y  p r epa r ed 
P r oc edu r e  
1 .  P r ep a r e  a set of s t anda r d s  0 - 2 0 0 u L  and q . s .  to 2 0 0  uL 
w i t h  d e i on i z e d  H 2o .  U s e  s c r ew c ap t e s t  t u b e s  
2 .  P r epa r e  s amp l e s  f r om 2 0 0  t o  4 0 0  ug  i n  s c r ew c ap t e s t  
t u b e s  a n d  add 2 0 0  uL o f  H 2o .  I f  s amp l e s  cont a in 
p r o t e i n  t r eat w i t h  pe r c hl o r i c  ac i d  
3 .  A d d  3 0 0  u L  o f  r ea g ent B ,  vo r t ex , c ap t h e  t u b e s  a n d  heat 
a t  l 0 0 °c in  heat ing  b l o c k  fo r 3 h r s  
4 .  Add 1 0 0  u L  o f  A and s e t  a t  r o om t emp e r at u r e  fo r 3 0  min  
5 .  Add  6 0 0  uL o f  r ea g ent C and  vo r t ex . Remove  t h e  aque o u s  
p h a s e u s ing a P a s t eu r p ipett e . To t h e  t o l uene  l aye r a d d  
6 0 0  u L  o f  r ea g en t  D and vo r t e x 
6 .  D i s c a r d  t o l u e n e  l ay e r ( t op ) . Ad d 4 0 0  u L  o f  H 2 0 a n d  1 . 0 
mL o f  r ea g ent E t o  the bottom l aye r . Vo r t ex 
7 .  C en t r i f u g e  f o r  1 m i n  and r ead  abs o r banc e a t  4 1 6  nm 
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Append i x  X I I 
P r epa r ing Ald i t o l  Ac etates 
Reag ent s : 
A .  I n o s i t o l  C l  mg/mL s o l ut i on ) , a s  i n t e rna l s t anda r d  
B .  S t anda r d  s ug a r s  ( 1  mg/mL s o l ut i on ) : r hamn o s e , f u c o s e ,  
r ib o s e ,  xy l o s e , manno s e , g a l a c t o s e ,  g l u c o s e ,  a n d  hept o s e  
C .  2 . 0  M t r i f l uo r oacet i c  ac i d  ( TFA ) 
D .  S o d i u m  b o r ohyd r i d e  ( o r  s od i u m b o r o d e u t e r i d e ) : 1 0  mg / mL 
s o l ut i o n  i n  1 M ammon i um hyd r o x i d e  
E .  G l ac i a l  a c et i c  ac i d  
F .  1 0 %  g lac i a l  ac et i c  ac i d  i n  methan o l  
G .  M e t hano l 
H .  P y r i d i n e  
I .  Ac e t i c  anhyd r i d e  
J .  C h l o r o f o rm 
P rocedu r e : 
1 .  D e t e rm i n e  the  p e r c ent hexo s e  i n  t h e  s amp l e . u s i ng the  
a n t h r o n e  a s say 
2 .  P l ac e s amp l e  equ i va l ent t o  not mo r e  t han 2 5 0  ug  hexo s e  
i n  s c r ew-cap t e s t  t u b e . I n  anoth e r t u b e , p l a c e  1 0 0  uL 
of each s t anda r d . Add 20  u L  of i no s i t o l  t o  samp l e  and 
s t anda r ds . D ry mat e r i a l s  by b l ow ing f i l t e r ed a i r  or by 
f r ee z e -d ry ing 
3 .  Add 5 0 0  uL o f  TFA t o  each t ub e , s e a l  w i th t e f l o n - l i n e d  
s c r ew cap , a n d  h e a t  at 1 2 1 ° c  fo r 2 h r s  
4 .  R e mov e t ub e s  a n d  b l ow d r y  w i t h  f i l t e r e d  a i r . T h i s may b e  
d o n e  i n  a w a t e r  bath  a t  4 5 ° c . F o r m e t h y l a t e d  
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p o lys a c c ha r i d e s , k e ep t h e  t empe r a t u r e  und e r  3 5 °c 
5 .  Ad d 2 5 0 uL o f  s od i u m  b o r ohy d r i d e  s o l ut i on , m i x  and  a l l o w  
t o  s t and at  r o om t empe r a tu r e  f o r 1 h r  ( can b e  l e f t  
ove rn i ght w i t h  l o o s e  c aps o n ) . F o r methy l a t ed s amp l e s  
a lways u s e  s o d i um bo r o d e ut e r i d e , a n d  l eave a t  r o om 
t empe r a t u r e  fo r 2 h r s  
6 .  Add 5 0  u L  o f  g l ac i a l  a c et i c  ac i d . V i g o r o u s  b u bb l ing 
w i l l  t a k e p l ac e . Repeat two mo r e  t imes 
7 .  Add 5 0 0  uL  o f  t h e  1 0 %  g l ac i a l  a c e t i c  ac i d  i n  methan o l  
and b l ow d ry w i t h  f i l t e r ed a i r . K e ep d ry in g 
t empe r a t u r es a s  ment i oned  p r ev i o u s ly . Do  th i s  f o u r 
t ime s 
8 .  Add 5 0 0  u L  o f  methano l  and b l ow d ry a s  i n  s t ep 7 
9 .  Add 5 0  uL o f  py r i d in e  and 5 0  uL  o f  ac et i c  anhyd r i d e . 
M i x , s ea l  t u b e s  w i th t e f l o n  c a p s  a n d  h e a t  a t  1 2 1 ° C f o r  
3 0  m i n  
1 0 . C o o l  on i c e  and ext r a c t  by a d d i ng 5 0 0  uL  o f  wat e r  and 
5 0 0  uL of ch l o r o f o rm . M i x , c ent r i fu g e  fo r 5 min on 
c l i n i c a l c ent r i f ug e , r emove c hl o r o f o rm l aye r ( bo t t om )  
a n d  t ran s f e r  t o  anothe r t u b e  
1 1 . E x t ract wat e r  l aye r w i t h  anoth e r  5 0 0  uL o f  c h l o r o fo rm 
and  comb i n e  ch l o r o f o rm l aye r s . B l ow d ry w i t h  f i l t e r ed 
a i r . Ana l y z e  by g a s  c h r oma t o g r aphy 
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Reag ent s :  
A .  4 N H C l  
B .  4 N NaOH 
C .  6 N H C l  
Append i x  X I I I  
Fatty Ac ids Ana lys i s  
D .  P et r o l e um ethe r 
E .  B o r o n  t r i f l uo r i d e  methano l comp l e x  ( ho o d ) 
F .  I n t e rna l s t anda r d : l au r i c ac i d  1 mg/mL i n  c h l o r o f o rm 
( s t o r ed a t  4°c> 
G .  Samp l e s  t o  b e  ana lyzed : 1 mg/mL s o l ut i o n  o f  LP S 
H .  S t anda r d s : 1 0  u L  o f  each ( f r e e z e r )  
P ro c edu r e : 
1 .  I n  a s e t  o f  s c r ew cap t e s t  t u b e s  p l a c e  1 0 0  uL l au r ic 
a c i d  a s  int e rn a l  s tanda r d . Add 5 0 0  uL  o f  s amp l e  t o  t h e  
f i r s t  t u b e , a n d  1 0  uL o f  eac h s t anda r d  t o  the s ec ond 
t ub e . Lyoph i l i z e 
2 .  Add 5 0 0  uL o f  r eag ent A and heat f o r 2 h r s  at l 0 0 °c ,  
t o  hy d r o ly z e . ( I t  i s  po s s i b l e  du r i ng hy d r o l ys i s  fo r two 
f a t t y  a c i d s  to j o i n t o g e th e r t h r o u g h  o xyg en , i . e . , 
- C -0 -C - , t he r e f o r e , i t  i s  n e c e s s a r y  t o  p e r fo rm a s e cond , 
a l k a l i n e , hyd r o lys i s )  
3 .  Add 1 . 0 mL o f  r eagent B ,  vo r t ex and heat fo r 2 h r s . a t  
l 0 0 °c i n  heat i n g  b l o c k , t o  hyd r o l y z e . The  p r oduct  o f  
a l k a l i n e  hyd r o l ys i s  i s  the  s a l t  o f  t h e  f a t ty ac i d s . 
4 .  Ac i d i fy w i t h  0 . 5  mL o f  r e ag ent C t o  obt a i n f atty ac i d s ; 
vort e x . ( N ow yo u have th e fatty a ci d s  but a ls o  other 
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s ub s tanc e s  that mak e  up t h e  LP S )  
5 .  E x t r a c t  f a t t y  a c i ds w i th 1 . 0  mL o f  r eag e n t  D . Remo v e  t op 
l aye r , B E I NG CAREFUL NOT TO P I PETTE BOTTOM LAYER , and 
t rans f e r t o  c l ean s c r ew cap t e s t  t u b e s  wh i c h  a r e  in  a 
r ac k  s e t  i n  i c e . Repeat e x t r ac t i o n  2 mo r e  t imes . B l ow 
d ry wh i l e  t u b e s  a r e  i n  i c e  
6 .  Add 5 0 0  u L  o f  r e ag ent E wh i l e  t u b e s  a r e  c o o l  and heat 
f o r 2 min i n  heat i ng b l o c k  a t  l 0 0 °c ( e s t e r i f i c a t ion  
s t ep )  
7 .  I MM ED I ATELY put t u b e s  bac k i n  i c e , a l low t o  c o o l , and 
a d d  1 . 0  mL d e i o n i z e d  wat e r ; vo r t e x  to m i x  ( i f wat e r  i s  
n o t  a d d e d , t h e  b o r on t r i f l u o r id e  i s  not  d i s s o lved and 
g o e s  i n t o  the pet r o l eum e t h e r l aye r i n  n e x t  s t ep )  
8 .  E x t r ac t  e s t e r s  w i t h  1 . 0  mL o f  r eag ent D .  Remove top 
l aye r , AVO I D I NG ANY WATER , and t r a n s f e r  t o  c l ean t e s t  
t u b e s  s e t  i n  i c e . Repeat e x t r a c t i o n  2 mo r e  t imes . B l ow 
d ry s amp l e s wh i l e  in  i c e  
9 .  I f  you a r e  go ing t o  e s t ima t e  e s t e r s  on t h e  GC 
immed i at e l y , k e ep b l ow-d r i e d  s amp l e s  in i c e , o t h e rwi s e  
s t o r e  i n  the c o l d  r o om 
NOT E : GC pa r amet e r s  a r e : 1 5 0 / 4 / 4 - 2 5 0 / 1 0  co r r e spond ing t o  
t emp , i n i t . t ime , r a t e/m i n , f ina l t emp , a n d  f ina l 
t ime r espect i v e l y . 
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Append ix X I V  
LP S Ext ract ion b y  EDTA/CHC l 3 /CH 30B method 
Reagents :  
A .  P B S  bu f f e r  
0 . 0 5 M Na 2HP0 4 " 7H 20 '  0 . 1 4 5  M NaC l , p H  7 . 4 / H C l  
B .  0 . 0 1 M EDTA i n  PBS bu f f e r  pH 7 . 4  
C .  C hl o r o f o rm 
D .  M e t hano l 
P rocedu r e : 
EDTA Ext ract ion 
1 .  Wa s h  c e l l pe l l et w i t h  P B S  3 t imes t o  r emove med i um 
c o nt am inant s 
2 .  S u spend c e l l s  i n  r ea g ent  B C l  g wet c e l l s / 1 0  mL bu f f e r )  
3 . S ha k e  f o r  1 ho u r  a t  4 5 °c 
4 .  C ent r i f ug e at 1 2 , 0 0 0  x g f o r 2 0  m i n  
5 .  D i a l y z e  s upe rnat ant ( 4 8  h r s , 6 x 2 0  L )  
6 .  C e nt r i f ug e  a s  abo v e  an d f i l t e r t h r o u g h  0 . 2 2 um p o r e  s i z e  
7 .  Lyoph i l i z e 
F o l c h  ext ract i on 
8 .  D i s s o l v e  EDTA e x t r a c t  i n  P B S  pH 7 . 4  ( 2 5 mg/mL b u f f e r )  
9 .  P.. d d  7 5  mL C H C 1 3 : c H 3 0 H  ( 2 : 1 ) . S t i r  1 h r  a t  r o o m  t e m p . 
1 0 . F i l t e r  m i x t u r e  t h r o u g h  s i nt e r ed g l a s s  
1 1 . wa s h  i n s o l ub l e  mat e r i a l  w i t h  f ew m L  o f  C H C 1 3 : cH 3 0H 
1 2 . To f i l t r a t e  add C H C L 3 : cH 3 0 H  ( 2 : 1 ) to a f ina l vo l ume 
of 80 mL 
1 3 . E x t r a c t  w i t h  1 6  ml o f  PBS 
1 4 . S to r e m i x t u r e  a t  - 20 ° c ov e r n i g h t  
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1 5 . C ent r i fug e at 1 0 , 0 0 0  x g f o r 1 h r  and s ep a r a t e  phas e s  
1 6 . R e e x t r a c t  uppe r l aye r w i t h  4 0  m L  o f  t h eo r et i c a l  l owe r 
l a y e r ( CH C 1 3 -MeOH -P B S , 8 6 : 1 4 : 1 ) , and l owe r l ay e r w i t h  
t h eo r et i c a l  uppe r l ay e r ( CH C 1 3 -M eOH -PBS , 3 : 4 8 : 4 7 )  
1 7 . S epa rat e phas e s  a s  b e f o r e  
1 8 . C on c ent r a t e  l aye r s  and d i a l y z e  fo r 4 8  h r s  
1 9 . Lyoph i l i z e 
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Appendix XV 
S i lve r Sta in ing fo r LP Ss 
Reag ents : 
A .  F i x ing s o l ut i o n  
2 5 % i s op r opano l , 1 0 %  g l ac i a l  HAc , 6 5 %  d e i on i z ed wat e r  
B .  O x idat i on s o l ut i on ( p r epa r e  j u s t  b e f o r e  u s e )  
1 . 0 5 g Naro 4 , 1 5 0  mL d e i o n i z ed wa t e r ,  4 mL o f  r eag . A 
C .  S i lve r s t a in ( p r epa r e  j u s t  b e fo r e  u s e  and s t i r  
c on s tant ly wh i l e  mak i n g ) 
1 1 5  mL d e i on i z ed wat e r ,  2 8  mL 0 . 1  M NaOH , 5 mL 2 0 %  
AgN0 3 , 1 mL NH 40H . B r own p r ec ip i t a t e  s ho u l d  
d i s appe a r  w i t h  NH 40H . I f  n o t  add mo r e  d r op-w i s e  
D .  Deve l ope r s o l ut i on ( p r epa r e  j u s t  b e fo r e  u s e )  
0 . 0 5 g c i t r i c ac i d , 0 . 5  mL o f  3 7 %  f o rma l de hyde , 
0 . 5 L t o  1 L o f  d e i on i z ed wat e r  
P roc edu r e : 
1 .  F i x t h e  g e l  ove r n i g ht i n  r eag ent A 
2 .  Ox i d i z e  fo r 5 m i n  i n  r eag ent B w i t h  s hak i n g  
3 .  Wa s h  3 x 15 m i n  w i t h  d e i on i z ed wat e r  by s ha k ing 
4 .  S i l ve r s t a i n  f o r  1 0  m i n  w i t h  s hak ing 
5 .  Repeat  wa s h  
6 .  Deve l op t h e  ban d s  t o  d e s i r e d  da r k n e s s  i n  r eagent D 
7 .  P l a c e  g e l  in  s t op bath ( opt iona l )  c o n s i s t ing o f  2 0 0  mL 
o f  d e i on i z e d  wat e r  p l u s  1 0  mL o f  7 %  C v/ v )  ac et i c  ac i d ; 
8 .  Was h  3 x 1 0  m i n  w i t h  d e i on i z e d  wat e r  and  s t o r e  
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